(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




liiniiiiiiiiiiiiiiiin 



(43) International Publication Date (iO) International Publication Number 

27 September 2001 (27.09.2001) pCT WO 01/70675 A2 



(51) InteraatioDal Patent Classification^: C07C 259/06, 

235/38, 235A78, 311/19, 321/20, 321/28, C07D 295/14, 
213/75, 213/70, 239/90, 253/04, 209/12, 333/56, A61K 
31/16, 31/18, 31/44, 31/495, A61P 35/00 

(21) Internatiooal AppUcation Number: PCT/I60 1/00683 

(22) Intematioaal Filing Date: 26 March 2001 (26.03.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/1 92, 1 5 1 24 March 2000 (24.03.2000) US 

(71) Applicant: METHYLGENE,INC. [CA/CA]; 7220F^ed- 
_-5 crick Banting, Sl Laurent, Quebec H4S 2A1 (CA). 

^= (72) Inventors: DELORME, Daniel; 793 Charbonneau, St. 
^= 1^^, Quebec J7T 2B2 (CA), WOO, Soon, Hyung; 319 
^5 Pen Road, Beaconsfield, Quebec H9W 1B5 (CA). VAIS- 
BURG, Arkadii; #10 Riverwood Grove, Kirkland, (^ebec 
= H9J 2X2 (CA). 



(74) Agents: COTE, France et al.; SWABEY OGILVY RE- 
NAUi;r, Suite 1600, 1981 McGill College Avenue, Mon- 
tr^, Quebec H3A 2Y3 (CA). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
l)E, DK, DM, DZ, EE, ES, R, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, Fl, RO, RU, SD, SE, SG, SI, SK, SI., 1 J, I'M, 
TR. TT, TZ, UA, UG. UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, I^, MW, MZ, SD, SI., SZ, lY., UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA. GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 
ID 

o 



^ (54) Title: nWBITORS OF HISTONE DEACETYLASE 

Q (57) Abstract: The invention relates to the inhibition of histonc deacctylase. The invention provides compounds and methods for 
^ inhibiting hislone deacetylase enzymatic activity. The invention also provides compositions and methods for treating cell prolifera- 
^ tive diseases and conditions. 



wo 01/70675 



PCT/IBOl/00683 



INfflBITORS OF fflSTONE DEACETYLASE 

(Attorney Docket No. 106.101.140) 



5 BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to the inhibition of histone deacetylase. More 
particularly, the invention relates to compotmds and methods for inhibiting 
histone deacetylase enzymatic activity. 

10 Summary of the Related Art 

In etikaryotic cells, nuclear DNA associates with histones to form a 
compact complex called chromatin. The histones constitute a family of basic 
proteins which are generally highly conserved across eukaryotic species. The core 
histones, termed H2A, H2B, H3, and H4, associate to form a protein core. DNA 
15 winds euround this protein core, with the basic amino adds of the histones 
interacting with the negatively charged phosphate groups of the DNA. 
Approximately 146 base pairs of DNA wrap around a histone core to make up a 
nucleosome particle, the repeating structural motif of chromatin. 

Csordas, Biochem. /., 286: 23-38 (1990) teaches that histones are subject to 
20 posttranslational acetylation of the e-amino groups of N-terminal lysine residues, 
a reaction that is catalyzed by histone acetyl transferase (HATl). Acetylation 
neutralizes the positive charge of the lysine side chain, and is thought to impact 
chromatin structure. Indeed, Taunton et al, Science, 272: 408-411 (1996), teaches 
that access of transcription factors to chromatin templates is enhanced by histone 
25 hjrperacetylation. Taunton et ah further teaches that an enrichment in 

underacetylated histone H4 has been found in transcriptionally silent regions of 
the genome. 
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Histone acetylation is a reversible modification, with deacetylation being 
catalyzed by a family of enzymes termed histone deacetylases (HDACs). 
Grozinger et al, Proc. Natl. Acad. Sci. USA, 96: 4868-4873 (1999), teaches that 
HDACs may be divided into two classes, the first represented by yeast Rpd3-like 

5 proteins, and the second represented by yeast Hdal-like proteins. Grozinger et d. 
also teaches that the human HDACl, HDAC2, and HDACS proteins are members 
of the first class of HDACs, and discloses new proteins, named HDAC4, HDACS, 
and HDAC6, which are members of the second class of HDACs. Kao et al., Genes 
& Dev., 14: 55-66 (2000), discloses HDAC7, a new member of the second class of 

10 HDACs. Van den Wyngaert, FEES, 478: 77-83 (2000) discloses HDACS, a new 
member of the first class of HDACs. 

Richon et al, Proc. Natl Acad. Sci. USA, 95: 3003-3007 (1998), discloses that 
HDAC activity is inhibited by trichostatin A (TSA), a natural product isolated 
from Streptomyces hygroscopicus, and by a S5mthetic compound, suberoylanilide 
15 hydroxamic add (SAHA). Yoshida and Beppu, Exper. Cell Res., 177: 122-131 

(1988), teaches that TSA causes arrest of rat fibroblasts at the G^ and Gj phases of 
the cell cyde, implicating HDAC in cell cycle regulation. Indeed, Finnin et al. 
Nature, 401: 188-193 (1999), teaches that TSA and SAHA inhibit cell growth, 
induce terminal differentiation, and prevent the formation of tumors in mice. 

20 These findings suggest that inhibition of HDAC activity represents a novel 

approach for intervening in cell cyde regulation and that HDAC inhibitors have 
great therapeutic potential in the treatment of cell proliferative diseases or 
conditions. To date, only a few inhibitors of histone deacetylase are known in the 
art. There is thus a need to identify additional HDAC inhibitors and to identify 

25 the structural features required for potent HDAC inhibitory activity. 
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BRIEF SUMMARY OF THE INVENTION 

The invention provides compoimds and methods for treating cell 
proliferative diseases* The invention provides new inhibitors of histone 
deacetylase enzymatic activity. 

5 In a first aspect, therefore, the invention provides novel inhibitors of 

histone deacetylase. In one embodiment, the novel inhibitors of histone 
deacetylase are represented by formula (1): 

Cy-X-Y'-W (1) 

wherein 

10 Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 

miay be optionally substituted; 

X is selected from the group consisting of C=0, C=CH2, CH(OH), CH(OR'), 
C=N(OH), and C=N(OR'), where R' is alkyl, aryl, aralkyl, or acyl; 

is a Cj-Cy alkylene, wherein said alkylene may be optionally substituted, 
15 and wherein one or two carbon atoms in the linear chain connecting X and W may 
be replaced with O, NR^ or S(0)^ where R^ is hydrogen, alkyl, aryl, aralkyl, 
sulf onyl, acyl, alkoxycarbonyl^ or carbamoyl, and n is 0, 1, or 2, provided that the 
atoms in Y^ that are attached to X and to W are carbon atoms, and further 
provided that Y^ does not comprise an ester or amide linkage in the linear chain 
20 connectitig X and W; and 

W is selected from the group consisting of -C(0)-CHJ-SR^ -C(0)-NH-OM, 
-NH-C(0)-NH.Z, and -C(0)-NH-Z, where 

R^ is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 

25 M is hydrogen or a pharmaceutically acceptable cation; 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, fhiadiazolyl, aiulinylmethyl, or pyridylmethyl, any of 
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which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-Q alkyl, or C^-C^ alkoxy; 

provided that X is C=CH,, CH(OR'), C=N(OH), or C=N(OR') when W is 
-C(0)-NH-OM and Cy is imsubstituted phenyl, dimefliylaminophenyl, or 
5 methoxyphenyl; and 

further provided that when W is -C(0)-CH2-SR^ the carbon atom in that is 
attached to W is imsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl. 

In another embodiment, the novel inhibitors of histone deacetylase are 
10 represented by formvila (2): 

Cy-y-W (2) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

15 is C5-C7 alkylene, wherein said alkylene may be optionally substituted, 

and wherein one or two carbon atoms in the linear chain connecting Cy and W 
may be replaced witii O, NR^ or S(0),^ where is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that Y^ 
does not comprise an ester or amide linkage in the linear chain cormecting Cy and 

20 W; and 

W is selected from the group consisting of -C(0)-CH2-SR^ 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R^ is alkyl, aryl, arallqrl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; and 

25 Z is selected from the group consisting of anilinyl, p5nidyl, thiazolyl, 

hydrox5^henyl, thiadiazolyl, anilinyhnethyl, or pyridyknethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, C1-C4 alkyl, or Q-C^ alko)qr; 

4 
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provided that when W is -C(0)-CH,-SR', the carbon atom in that is attached to 
W is imsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl 

In yet another embodiment, the novel inhibitor of histone deacetylase is 
5 represented by formula (3): 

Cy-S(0),-NH-y-W (3) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted, provided that Cy is other than 
10 dimethylaminonaphthyl when is -(CHJg-; 

is Q-Cg alkylene, wherein said alkylene may be optionally substituted 
with one or more substituents independently selected from the group consisting 
of halo, hydroxy, oxo, nitro, haloallcyl, alkyl, aralkyl, alkoxy, aryloxy, carboxy, 
hydroxyalkyl, acyl, acyloxy, and cyano; and 

15 W is selected from the group consisting of -C(0)-CH,-SR', -C(0)-NH-OM, 

-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 

M is hydrogen or a pharmaceutically acceptable cation; and 

20 Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 

hydroxyphenyl, thiadiazolyl, anilinyhnethyl, or pjnridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Cj-C^ alkyl, or Q-Q alkoxy; 

provided that Z does not have the formula -(C5H3N)-NHC(0)-Y'-NH-S(0)2-Cy. 

25 In still yet another embodiment, the novel inhibitor of histone deacetylase 

is represented by one of formulae (4)-(7): 
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In a second aspect, the invention provides a pharmaceutical composition 
comprising an inhibitor of histone deacetylase represented by any one of formulae 
(l)-(7) and a pharmaceutically acceptable carrier, exdpient, or diluent. 

In a third aspect, the invention provides a metiiod of inhibiting histone 
deacetylase in a cell, comprising contacting a cell in which inhibition of histone 
deacetylase is desired with an inhibitor of histone deacetylase represented by any 
one of formulae (l)-(7). 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides compounds and methods for inhibiting histone 
deacetylase enzymatic activity. The invention also provides compositions and 
methods for treating cell proliferative diseases and conditions. The patent and 
5 scientific literature referred to herein establishes knowledge that is available to 
those with skill in the art. The issued patents, applications, and references that are 
dted herein are hereby incorporated by reference to the same extent as if each was 
specifically and individually indicated to be incorporated by reference. In the 
case of inconsistencies, the present disclosure will prevail. 

10 For purposes of the present invention, the following definitions will be 

used: 

As used herein, the terms "histone deacetylase" and *HDAC" are intended 
to refer to any one of a family of enzymes that remove acetyl groups from the e- 
amino groups of lysine residues at the N-terminus of a histone. Unless otherwise 

15 indicated by context, ttie term "histone" is meant to refer to any histone protein, 
including HI, H2A, H2B, H3, H4, and H5, from any species. Preferred histone 
deacetylases include class I and class n enzymes. Preferably the histone 
deacetylase is a human HDAC, including, but not limited to, HDAC-1, HDAC-2, 
HDAC-3, HDAC-4, HDAC-5, HDAC-6, HDA07, and HDAC-8. In some other 

20 preferred embodiments, the histone deacetylase is derived from a protozoal or 
fungal source. 

The term "histone deacetylase inhibitor" or "inhibitor of histone 
deacetylase" is used to identify a compoimd having a structure as defined herein, 
which is capable of interacting with a histone deacetylase and inhibiting its 
25 enzymatic activity. Inhibiting histone deacetylase enzymatic activity means 
reducing the ability of a histone deacetylase to remove an acetyl group from a 
histone. In some preferred embodiments, such reduction of histone deacetylase 
activity is at least about 50%, more preferably at least about 75%, and still more 
preferably at least about 90%. In other preferred embodiments, histone 



7 



wo 01/70675 



PCT/IB01/00683 



deacetylase activity is reduced by at least 95% and more preferably by at least 
99%. 

Preferably, such inhibition is specific, ie., the histone deacetylase inhibitor 
reduces the ability of a histone deacetylase to remove an acetyl group from a 

5 histone at a concentration that is lower than the concentration of the inhibitor that 
is required to produce another, unrelated biological effect. Preferably, the 
concentration of the inhibitor required for histone deacetylase inhibitory activity 
is at least 2-fold lower, more preferably at least 5-fold lower, even more preferably 
at least 10-fold lower, and most preferably at least 20-fold lower than the 

10 concentration reqviired to produce an tmrelated biological effect. 

The term "alkyl" as employed herein refers to straight and branched chain 
aliphatic groups having from 1 to 12 carbon atoms, preferably 1-8 carbon atoms, 
and more preferably 1-6 carbon atoms, which may be optioncdly substituted witii 
one, two or three substituents. Unless otherwise explicitly stated, the term "alkyl" 

15 is meant to include saturated, unsaturated, and partially imsaturated cdiphatic 
groups. When imsaturated groups are particularly intended, the terms "alkenyl" 
or "alkynyl" will be used. When only saturated groups are intended, the term 
"saturated alkyl" will be used. Preferred saturated alkyl groups include, without 
limitation, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, fert-butyl, 

20 pentyl, and hexyl. 

An "alkylene" group is an alkyl group, as defined hereinabove, that is 
positioned between and serves to connect two other chemical groups. The term 
"alkylene" includes saturated, imsaturated and partially imsaturated alkyl groups. 
Where the term "alkylene" includes a descriptor indicating the number of carbon 
25 atoms or a range in the niunber of carbon atoms, e.g., Q alkylene, the number of 
carbon atoms refers to the length of the linear chain connecting the two chemical 
groups between which the alkylene group is positioned. Any of the carbon atoms 
of the alkylene group may be optionally substituted, as described below, and the 
substituents may contain additional carbon atoms. 
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The tenn "qrcloaUcyl" as employed herein includes saturated and partially 
lonsaturated cyclic hydrocarbon groups having from 3 to about 12 carbons, 
preferably from 3 to about 8 carbons, and more preferably from 3 to abput 6 
carbons, wherein the cydoalkyl group additionally may be optionally substituted. 
5 Preferred cydoalkyl groups indude, without limitation, cydopropyl, cydobutyl, 
cydopentyl, cydopentenyl, cydohexyl, cyclohexenyl, cydoheptyl, andicydooctyl. 

An "aryl" group is a Cg-C^^ aromatic moiety comprising one to three 
aromatic rings, which may be optionally substituted. Preferably, the aryl group is 
a Q-Cio aryl group. Preferred aryl groups include, without limitation, phenyl, 

10 naphthyl, anthracenyl, and fluorenyl. An "aralkyl" or "aiylaUgrl" group comprises 
an aryl group covalently linked to an alkyl group, either of which may 
independently be optionally substituted or unsubstituted. Preferably, ttie aralkyl 
group is (Ci-Cg)alk(Q-CJaryl, including, without limitatlQii, benzyl, phenethyl, 
and naphthylmefhyl. An "alkaiyl" or "alkylaryl" group is an aryl group having 

15 one or more alkyl substituents. Examples of alkaryl groups indude, wittiout 
limitation, tolyl, xylyl, mesityl, ethylphenyl, tert-butylphenyl, and 
methylnaphthyl. 

A 'Tieterocydic moiety" or 'lieterocydyl" is a ring structure having from 
about 3 to about 8 atoms, wherein one or more atoms are selected from the group 

20 consisting of N, O, and S. In some embodiments, the heterocyclic group is 

saturated or partially saturated. In these embodiments, the heterocyclic group 
may be optionally substituted on carbon at one or more positions, and may also 
independently be substituted on nitrogen with alkyl, aryl, aralkyl, alkylcarbonyl, 
alkylsulfonyl, arylcarbonyl, arylsulfonyl, alkoxycarbonyl, aralkoxycarionyl, or on 

25 sulfur with oxo or lower alkyl. Preferred saturated heterocyclic groups indude, 
without limitation, epoxy, aziridinyl, tetrahydrofuranyl, pyrrolidinyl, piperidinyl, 
piperazinyl, thiazolidinyl, oxazolidinyl, oxazolidinonyl, and morpholiho. In 
certain preferred embodiments, the heterocydic group is fused to an aryl or 
heteroaryl group. Examples of such fused heterocyles indude, withoiit limitation, 

30 tetrahydroquinoline and dihydrobenzofuran. 
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La some other embodiments, the heterocyclic moiety is a heteroaryl group. 
As used herein, the term "heteroaryl" refers to groups having 5 to 14 ring atoms, 
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 n electrons shared in a 
cydic array; and having, in addition to carbon atoms, from one to about three 
5 heteroatoms selected from the group consisting of N,0, and S. Preferred 
heteroaryl groups include, witiiout limitation, thienyl, benzothienyl, furanyl, 
benzofuranyl, dibenzofuranyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, 
pyrimidinyl, indolyl, quinolinyl, isoqiiinolinyl, qxxinoxalinyl, tetrazolyl, oxazolyl, 
thiazolyl, and isoxazolyl. 

10 As employed herein, a "substituted" alkyl, cycloalkyl, aryl, heteroaryl, or 

heterocyclic group is one having from one to about four, preferably from one to 
about three, more preferably one or two, non-hydrogen substituents. Suitable 
substituents include, without limitation, halo, hydroxy, oxo, oximino, nitro, 
haloalkyl, alkyl, alkaryl, aryl, araUcyl, alkoxy, aryloxy, amino, acylamino, 

15 alkylcarbamoyl, arylcarbamoyl, aminoalkyl, alkoxycarbonyl, carboxy, 
hydroxyalkyl, aUcanesulfonyl, areniesulfonyl, alkanesulfonamido, 
arenesulfonamido, aralkylsulfonamido, acyl, acyloxy, cyano, and ureido groups. 

The term "halogen" or "halo" as employed herein refers to chlorine, 
bromine, fluorine, or iodine. 

20 As herein employed, the term "acyl" refers to an alkylcarbonyl or 

arylcarbonyl substituent. 

The term "acylamino" refers to an amide group attached at the nitrogen 
atom. The term "carbamoyl" refers to an amide group attached at the carbonyl 
carbon atom. The nitrogen atom of an acylamino or carbamoyl substituent may 
25 be additionally substituted. The term "sulfonamido" refers to a sulfonamide 

substituent attached by either the sulfur or the nitrogen atom. Unless otherwise 
explicitly limited, the term "amino" is meant to include NH^, alkylamino, 
dialkylamino, arylamino, araUcylamino, and cyclic amino groups. 

The term "oxinuno" refers to a =N(OH) or =N(OR) group, wherein R is 
30 alkyl, aryl, aralkyl, sulf onyl, or acyl- Unless otherwise explicitly limited. Hie term 
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"oxiinino" is meant to include oximes of either £- or Z-configuration, or mixtures 
thereof. 

The term "ureido" as employed herein refers to a substituted or 
tmsubstituted urea moiety. 

5 

Compounds 

In a first aspect, the invention provides novel inhibitors of histone 
deaoetylase. In a first enibodiment, the novel inhibitors of histone deacetylase are 
represented by formula (1): 

10 Cy-X-Y-W (1) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

X is selected, from the group consisting of C=0, C=Cil,, CH(OH), CH(OR'), 
15 C=N(OH), and C=N(OR'), where is alkyl, aryl, aralkyl, or acyl; 

is a C3-C7 alkylene, wherein said alkylene may be optionally sxibstituted, 
and wherein one or two carbon atoms in the linear chain connecting X and W may 
be replaced with O, NR^ or S(0)„, where is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided tiiat the 
20 atoms in Y^ that are attached to X and to W are carbon atoms, and further 

provided that Y^ does not comprise an ester or amide linkage in the linear chain 
coimecting X and W; and 

W is selected from the group consisting of -C(0)-C^^-SR^ -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

25 R^ is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 

groups may be optionally substituted; 

M is hydrogen or a pharmaceutically acceptable cation; 
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Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or p5nidylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-C^ alkyl, or Q-C^ alkoxy; 

5 provided that X is C=CH,, CH(OR'), C=N(OH), or C=N(OR') when W is 
-C(0)-NH-OM and Cy is unsubstituted phenyl, dimethylaminophenyl, or 
methoxyphenyl; and 

further provided that when W is -C(0)-a^-SR!^, the carbon atom in Y' that is 
attached to W is imsubstituted or is substituted with other than amino, acylamino, 
10 alkoxycarbonyl, or carbamoyl. 

In certain preferred embodiments according to this aspect of the invention, 
Cy is Cg-Cjj cydoalkyl, more preferably Cg-Cg cycloalkyl, most preferably Q-C^ 
cydoalkyl, any of which may be optionally substituted. In certain otiier preferred 
embodiments, Cy is C^-C^^ aryl, more preferably C^-C^^ aryl, and most preferably 
15 phenyl or naphthyl, any of which may be optionally substituted. 

In still yet other preferred embodiments, Cy is a radical of a heterocyclic 
moiety. In some preferred embodiments, the heterocyde is selected from the 
group consisting of thiophene, benzothiophene, furan, benzofuran, pyridine, 
quinoline, indole, isoquinoline, ttiiazole, morpholine, piperidine, and piperazine, 
20 any of which may be optionally substituted, 

Unless otherwise stated, substituted alkyl, aryl, or heterocyclic groups 
preferably have from one to about four, preferably from one to about three, more 
preferably one or two substituents, which are preferably selected from the group 
consisting of Q-Cg alkyl, preferably Q-C^ alkyl; halo, preferably CI, Br, or F; 
25 haloalkyl, preferably (halo)i^(Cj-C,)alkyl, more preferably (halo)i^(Ci-C3)alkyl, and 
most preferably CP^ Q-Cg alkoxy, preferably methoxy, ethoxy, or benzyloxy; Cg.- 
Q^, aryloxy, preferably phenoxy; heteroaryloxy; C^-Cg alkoxycarbonyl, preferably 
C1-C3 alkoxycarbonyl, most preferably carbomethoxy or carboethoxy; Cg-C^^ 
aryloxycarbonyl, preferably carbophenoxy; heteroaryloxycarbonyl; Cg-C^^, aryl, 

12 
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preferably phenyl; (Q-C Jar(C;-CJalkyl, preferably (C,-C JarCQ^^alkyl, more 
preferably benzyl, naphthybnethyl or phenethyl; hydroxy(Q-Cg)alkyl, preferably 
hyciroxy(Ci-C3)alkyl, more preferably hydroxymefhyl; ainino(Q-Q)alkyl, 
preferably ainmo(Ci-C3)alkyl, more preferably aminomethyl; (Ci-Cg)alkylamino, 

5 preferably methylamino, ethylamino, or propylamino; di-(Ci-Cg)alkjrlammo, 
preferably dimethylamino or diethylamino; (Cj-Cg)al]grlcarbamoyl, preferably 
methylcarbamoyl, dimethylcarbamoyl, or benzylcarbamoyl; (Q- 
Cj Jarylcarbamoyl, preferably phenylcarbamoyl; (Q-Q)alkaneacylammo, 
preferably acetylamino; (Q-CJareneacylamino, preferably benzoylamino; (C^- 

10 CJalkanesulfonyl, preferably methanesulfonyl; (Q-Cg)alkanestilfonamido, 
preferably methanesulfonamido; (Q-C Jarenesulfonyl, preferably 
benzenesulfonyl or toluenestilfonyl; (Q-C Jarenesulfonamido, preferably 
benzenesulfonyl or toluenestilfonyl; (Q-Qo)ar(Q-Cg)alkylsulfonamido, preferably 
benzylsulf onamido; Q-C^ allq^lcarbonyl, preferably CfC^ aUcylcarbonyl, more 

15 preferably acetyl; (Q-Cg)acyloxy, preferably acetoxy; cyano; amino; carboxy; 

hydroxy; ureido; and nitro. One or more carbon atoms of an alkyl, cycloalkyl, or 
heterocyclyl group may also be optionally substituted with an oxo or oximino 
group. 

In some preferred embodiments, Cy is substituted by one or two 
20 substituents independently selected from tiie group consisting of Q-Q alkyl, C^-Q 
haloalkyl, CfC,^ aiyl, (Q-C;o)ar(Q-Cg)alkyl, halo, nitro, hydroxy, C,-C, alkoxy, C,- 

aryloxy, heteroaryloxy, Q-C^ alkoxycarbonyl, CfC^^ aryloxycarbonyl, 
heteroaryloxycarbonyl, carboxy, and amino. Preferably, the amino group is 
selected from the group consisting of NH^ (Q-Qalkylamino, di(Ci- 
25 Qalkylamino, (Q-C Jarylamino, and (Q-CJarCQ-CJalkylamino. 

In certain particularly preferred embodiments, Cy has the formula -Cy*-Cy^ 
or -Cy^-G-Cy^ wherein Cy^ and Cf are independently C^<Z^ cydoalkyl, C^-C^ aryl, 
or a radical of a heterocyclic moiety, which groups optionally may be substituted, 
and G is O, NR^ or S(0)^ where is hydrogai, aUcyl, aryl, aralkyl, sulf onyl, acyl, 
30 alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2. Preferably, Cy* and Cf are 
independently selected from the group consisting of phenyl, pyridinyl, 
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morpholinyl, piperidinyl, piperazinyt which groups optionally may be 
substituted. 

In some preferred embodiments, X is C=0, C=CH2, C=N(OH), and 
C=N(OR'), where R' is Q-Q alkyl, C,-Q, aryl, or (Q-C;o)ar(CrQalkyL More 

5 preferably, is C^-C^ alkyl, and still more preferably R* is methyl. When X is 

C=N(OH) or C=N(OR'), it may be in either the (E)- or (Z)-configuration, or it may 
be a mixture of the two. In some preferred embodiments, the C=:N(OH) or 
C=N(OR^) group is in the (E)-configuration. Most preferably, X is C=0 or 
C=N(OH), provided, however, that X is not C=0 when W is -C(0)-NH-OM and 

10 Cy is imsubstituted phenyl, dimethylaminophenyl, or mefhoxyphenyl. 

In some other preferred embodiments, X is CH(OH) or CH(OR^), where R^ 
is C,-C, alkyl, Q-Q, aryl, or (C,-C,,)ar(Q-Q)alkyL The CH(OH) or CH(OR') group 
may be of either (R)- or (S)-stereochemistry, or it may be a mixture of the two. 
Preferably, X is CH(OH) or CH(OR'), where R' is Cj-Q alkyl, provided, however, 
15 that X is not CH(OH) when W is -C(0)-NH-OM and Cy is unsubstituted phenyl, 
dimethylaminophenyl, or methoxyphenyl. In certain partictilarly preferred 
embodiments, X is CH(OMe). 

is a C3-C7 alkylene, wherein said alkylene may be optionally substituted. 
Preferably is a Q-Q alkylene, more preferably a C5-C7 alkylene, and most 

20 preferably a Cg or Q alkylene. The alkylene may be saturated, unsaturated, or 
partially unsaturated. In certain preferred embodiments, Y^ comprises an aU- 
carbon linear chain connecting X and W, In certain other preferred embodiments, 
one or two carbon atoms in the linear chain connecting X and W are replaced with 
O, NR^ or S(0)„, where R^ is hydrogen, alkyl, aryl, aralkyl, sxilfonyl, acyl, 

25 alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that the atoms in Y^ 
that are attached to X and to W are carbon atoms, and further provided that Y^ 
does not comprise an ester or amide linkage in ttie linear chain connecting X and 
W. La certain partictdarly preferred embodiments, Y^ is -(CIl2)-S(0)„-(CH2)^ 
where n is 0, 1, or 2, and p is 3, 4, or 5. 
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In some preferred embodiments, comprises a dienyl moiety, wherein the 
dienyl moiety is attached to W. Preferably, the dienyl moiety is of the E,E- 
configuration. In certain particularly preferred embodiments, has one of the 
following structures: 




In some other preferred embodiments, Y^ is fully saturated and has the formula 
-(CHJ„, where m is 5, 6, or 7. 

In some preferred embodiments, W is -C(0)-NH-OM, M being hydrogen or 
any pharmaceutically acceptable cation. Examples of pharmaceutically acceptable 
cations include, without limitation, sodivim, potassium, magnesium, and caldxmu 

In some other preferred embodiments, W is -C(0)-CH2-SR\ is preferably 
selected from the group consisting of alkyl, preferably Cj-Cg alkyl, more 
preferably Q-C^ alkyl, most preferably methyl; aiyl, preferably C^<1^ aryl, more 
preferably phenyl or naphthyl; aralkyl, preferably (Q-Q^ar(Q-Cg)alkyl, more 
preferably (C6-C„)ar(Q-C4)alkyl, most preferably benzyl or naphthylmethyl; 
alkylcarbonyl, preferably (Ci-Q alkyl)carbonyl, more preferably (Q-Q 
alkyl)carbonyl, still more preferably acetyl; arylcarbonyl, more preferably (Q-Qq 
aryl)carbonyl, still more preferably benzoyl; and aralkylcarbonyl, preferably (Cg- 
C Jar(Ci-Qalkylcarbonyl, more preferably (C^-C Jar(Q-Q)alkylcarbonyl, still 
more preferably benzylcarbonyl. The aryl portion of any such groups may be 
optionally substituted. 

In some other preferred embodiments, W is -C(0)-NH-Z or 
-NH-C(0)-NH-Z. Z is preferably selected from the group consisting of anilinyl, 
pyridyl, ttiiazolyl, hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, 
any of which groups optionally may be substituted with halo, hydroxy, amino, 
tutro, Cj-Q alkyl, or Q-Q alkoxy. More preferably, Z is selected from the group 
consisting of 2-anilinyl, 2-pyridyl, 2-hydroxyphenyl, l,3,4-thiadiazol-2-yl, 2- 
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anilinylmethyl, and 2-p)nidylmethyL In certain particularly preferred 
embodiments, Z is unsubstituted 2-anilinyl or unsubstituted 2-pyridyL 

In a second embodiment, the novel inhibitors of histone deacetylase are 
represented by formula (2): 

5 Cy-Y*-W (2) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moieiy, any of which 
may be optionally substituted; 

is CfCy alkylene, wherein said alkylene may be optionally substituted, 
10 and wherein one or two carbon atoms in the linear chain connecting Cy and W 
may be replaced with O, NR^ or S(0)„, where is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that 
does not comprise an ester or amide linkage in tiie linear chain coimecting Cy and 
W;and 

15 W is selected from the group consisting of -C(0)-CH2-SR^ 

-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
20 hydrox3^henyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 

which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Cj-C^ alkyl, or C^-C^ alkoxy; 

provided that when W is -C(0)-CH2-SR', ttie carbon atom in that is attached to 
W is unsubstituted or is substituted with other than amino, acylamino, 
25 alkoxycarbonyl, or carbamoyl- 

In certain preferred embodiments according to this aspect of the invention, 
Cy is Cg-C^ cycloalkyl, more preferably C3-C3 cycloalkyl, most preferably Cj-Cg 
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cycloalkyl, any of which may be optionally siibstituted. In certain other preferred 
embodiments, Cy is C^-Cj^ aryl, more preferably Q-C^ aryl, and most preferably 
phenyl or naphthyl, any of which may be optionally substituted. 

In stiU yet other preferred embodiments, Cy is a radical of a heterocyclic 
5 moiety. In some preferred embodiments, the heterocycle is selected from the 
group cor\sisting of fhiophene, benzothiophene, furan, benzofuran, pyridine, 
quinoline, indole, isoquinoline, thiazole, morpholine, piperidine, piperazine, 
quinazolinone, benzotriazinone, phthalimide, and dioxobenzoisoquinoline, any of 
which may be optionally substituted. Preferred substituents are as described 
10 above for the inhibitors of formula (1). 

Jxi certain particularly preferred embodiments, Cy has the formula -Cy^-Cy^ 
or -Cy^-G-Cy^ wherein Cy^ and Cy^ are independently Cg-Cg cydoalkyl, Cg-C^p aryl, 
or a radical of a heterocyclic moiety, which groups optionally may be substituted, 
and G is O, NR^ or S(0)„, where is hydrogen, alkyl, aryl, aralkyl, sulf onyl, acyl, 
15 alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2. Preferably, Cy^ and Cy^ are 
independently selected from the group consisting of phenyl, pyridinyl, 
morpholinyl, piperidinyl, piperazinyl, which groups optionally may be 
substituted. 

Preferred values for W, R^ and Z are as defined above for the inhibitors of 
20 formula (1). 

is C5-C7 alkylene, wherein said alkylene may be optionally substituted 
and may be saturated, xmsaturated, or partially tmsaturated. In certain preferred 
embodiments, comprises an all-carbon linear chain connecting Cy and W. In 
some preferred embodiments, comprises a dienyl moiety, wherein the dienyl 
25 moiety is attached to W. Preferably, the dienyl moiety is of die E,E-configuration, 
In certain particularly preferred embodiments, has one of the following 
structures: 
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Me Me , and Me Me 



In some other 



particularly preferred embodiments, is fully saturated and has tiie formula 
-(CHj)^ where m is 5, 6, or 7. 

In certain other preferred embodiments, one or two carbon atoms in the 
5 linear chain connecting Cy and W are replaced with O, NR^ or S(0)„, where is 
hydrogen, alkyl, aryl, aralkyl, stilf onyl, acyl, alkoxycarbonyl, or carbamoyl, and n 
is 0, 1, or 2, provided that does not comprise an ester or amide linkage in the 
linear chain connecting Cy and W. In some preferred embodiments, one or two 
carbon atoms in the linear chain connecting Cy and W are replaced by O. 

10 In some other preferred embodiments, one carbon atom in the linear chain 

connecting Cy and W is replaced with NR^ where R^ is preferably selected from 
the group consisting of C^-Cg alkyl, more preferably C^-C^ alkyl, most preferably 
methyl; C^-C^^ aryl, preferably phenyl or naphthyl; (Cg-C,o)ar(C,-C Jalkyl, more 
preferably (Cg-Cio)ar(Q-C4)alkyl, most preferably ben2yl or naphthylmethyl; (C^-Cg 

15 alkyl)oxycarbonyl, more preferably (Q-C^ alkyl)oxycarbonyl, most preferably fert- 
butyloxycarbonyl; (C^-Cu, aryl)oxycarbonyl, preferably phenyloxycarbonyl; and 
((C,-C Jar(Q-C,)alkyl)oxycarbonyl, preferably ((C,-C^)ar(Q-C,)alkyl)oxycarbonyl, 
more preferably benzyloxycarbonyl; and acyl, preferably Q-Cg alkylcarbonyl or 
Cg-Qo arylcaibonyl, more preferably Q-Q alkylcarbonyl or C^-C^ arylcarbonyl, 

20 more preferably acetyl or benzoyl. 

In yet another embodiment, the novel inhibitor of histone deacetylase is 
represented by formula (3): 



Cy"S(0),-NH-Y'-W 



(3) 



wherein 



25 



Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted, provided that Cy is other than 
dimethylaminonaphthyl when Y^ is -{CH^f-; 
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is Q-Cg alkylene, wherein said alkylene may be optionally substituted 
with one or more substituents independentiy selected from the group consisting 
of halo, hydroxy, oxo, nitro, haloalkyl, alkyl, aralkyl, alkoxy, aiyloxy, carboxy, 
hydroxyalkyl, acyl, aqrloxy, and cyano; and 

W is selected from the group consisting of -C(0)-CH2-SR', <:(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 

M is hydrogen or a pharmaceutically acceptable cation; and 

Z is selected from the group cor\sisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
whidi groups optionally may be svibstituted with halo, hydroxy, amino, 
nitro, alkyl, or Q-Q alkoxy; 

provided that Z does not have the formula -(C3H3N)-NHC(0)--Y'-NH-S(0),-Cy. 

Preferred substituents Cy and W for tiie histone deacetylase inhibitors of 
formula (3) are as defined above for the inhibitors of formula (1). 

y is a Q-Cg alkylene, more preferably a Q-Cg alkylene, which may be 
satiurated, unsaturated, or partially unsaturated. The Q-Q aUqrlene optionally 
may be substituted with from one to about four, preferably from one to about 
three, and more preferably one or two, non-hydrogen substituents independentiy 
selected from the group consisting of halo, preferably CI, Br, or F; hydroxy, 0x0, 
nitro, haloalkyl, preferably (halo),.5(C;-Qalkyl, more preferably (halo)i.5(C;- 
C3)alkyl, and most preferably CF3; alkyl, preferably Q-Q alkyl, more preferably 

alkyl; aralkyl, preferably (Q-C JarCC^-CJalkyl, more preferably (Q-Qo)ar(Q- 
C3)alkyl, and still more preferably beitzyl, naphthylmethyl or phenethyl; alkoxy, 
preferably Cj-Q alkoxy, more preferably metiioxy, ethoxy, or benzyloxy; aryloxy, 
preferably Q-Cj^ aryloxy, more preferably phenoxy; alkoxycarbonyl, preferably 
Q-Q alkoxycarbonyl, more preferably Q-Cg alkoxycarbonyl, and still more 
preferably carbomethoxy or carboethoxy; carboxy, hydro)yalkyl, preferably 
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hydroxy(Ci-CJalkyl, more preferably hydroxyCQ-Cyalkyl, and still more 
preferably hydroxymethyl; acyl, preferably Q-Cg alkylcarbonyl or Cg-C^o 
arylcarbonyl^ more preferably Q-Q alkylcarbonyl or Q-Cj^ atylcarbonyl, more 
preferably acetyl or benzoyl; acyloxy, preferably Cj-C^ alkylcarbonyloxy or Q-Cio 
arylcarbonyloxy, more preferably C,-Cg alkylcarbonyloxy or C^-C^ 
arylcarbonyloxy, and still more preferably acetoxy or benzoyloxy; and cyano. 

In a still yet another embodiment, the novel histone deacetylase inhibitor is 
represented by one of formulae (4)-(7): 




(4) 




NHOH 



(5) 




(6) 




(7) 



Synthesis 

Compounds of formula (1), wherein has tiie structure 




/Or 



formula (2), wherein Y has the structure ^ 



, preferably may be 
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prepared according to the synthetic route depicted in Scheme 1. Thus, a dialkyl 
acetal I is treated with l-triinethylsilyloxy-l,3-butadiene in the presence of zinc 
bromide to afford the aldehyde n. Wittig reaction of II with a carboalkoxy 
phosphorous ylid such as ethyl (triphenylphosphoranylidene)acetate affords the 
5 diene ester III. Hydrolysis of the ester function in in can be effected by treatment 
with a hydroxide base, such as lithium hydroxide, to afford the corresponding 
add IV. 

The acid IV is converted to the corresponding add chloride V according to 
standard methods, e.g., by treatment with sodium hydride and oxalyl chloride. 

10 Treatment of V with 2-aminopyridine and a tertiary base such as N-methyl- 

morpholine, preferably in dichloromethane at reduced temperature, then affords 
the pyridyl amide VII. In a similar fashion, the add chloride IV may be treated 
with 1,2-phenylenediamine to afford the anilinyl amide VHI. Alternatively, the 
add chloride V may be treated with a mono-protected 1,2-phenylenediamine, 

15 such as 2-(t-BOC-amino)aniline, followed by deprotection, to afford VIII. 

In another altemative procedure, the add IV may be activated by 
treatment with carbonyldiimidazole (GDI), followed by treatment with 1,2- 
phenylenediamine and trifluoroacetic add to afford the anilinyl amide Vm. 

Similar procedures may be employed for the preparation of the 
20 hydroxamic add VI. Thus, in some embodiments, the acid IV is converted to the 
corresponding acid chloride V, followed by the addition of a protected 
hydroxylamine such as 0-trimefhylsilylhydroxylamine in a solvent such as 
methylene chloride to form an O-silyl hydroxamate, which then provides the 
hydroxamic add VI upon workup. 
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Scheme 1 



OMe ZnBfg 
Cy^OMe ^^"^^OSiMea CH2Cl2,rt 



Me P 



Cy 



OMe O UOH, 

IV ui 



NaH» 
(COCIfe 



Ph3P=CH^02Et 




jO 



H2N^ 



TMSONHg 9^^ 5 

VI 

,then4A/HCI 




VU 



" ISJH2 



VIII 

1. CDI.THF 

2. - 



Cy' 



OMe O 



NKOH 



1. CDI.THF 

2. TBDMSONH2 



OMe O 



, CF3COOH 



VI 



IV 



Alternatively, in some other embodiments, the add IV is directly coupled 
5 with a protected hydroxylairune, such as f ert-butyldimethylsilylhydroxylamine 
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(TBDMSONH^). The coupling reaction is preferably accomplished with a 
coupling reagent such as carbonyldiimidazole {CDJ) in a solvent such as 
tetrahydrofuran (THF). Other coupling reagents are known in the art and may 
also be used for this reaction. When the protected hydroxylamine is a 
silylhydroxylamine, hydrolysis of the silyl ester occurs upon workup to afford the 
hydroxamic add VI. When other protected hydroxylamines are employed^ a 
separate deprotection step may be required. 

Compounds of formula (1), wherein has the structure R^we or 
Me , and compounds of formula (2), wherein has the structure 

OMe OMe 

wieM© or ^wMe , preferably may be prepared according to tiie 

synthetic route depicted in Scheme 2. Thus, a dialkyl acetal I is treated with 
2-methyl-l-(trimethylsilyloxy)-l-propene in the presence of zinc bromide to afford 
the aldehyde IX. Wittig reaction of IX with a carboalkoxy phosphorous ylid such 
as ethyl (triphenylphosphoranylidene)acetate affords the a,P-unsaturated ester X. 
The ester function in X is reduced to the alcohol with a reducing agent such as 
DIBAL-H, and then teoxidized to the corresponding aldehyde with an oxidizing 
agent such as pjrridinium sulfur trioxide complex. Other reducing and oxidizing 
agents are well known in the art, and may also be used in these reactions. 

Homologation of the resultant aldehyde is accomplished by treatment with 
a carboalkoxy phosphorous ylid such as ethyl (triphenylphosphoranylidene)- 
acetate to afford ihe diene ester XI, which is hydrolyzed by treatment with a 
hydroxide base, such as lithium hydroxide to provide the corresponding acid XII. 
The remaining synthetic steps proceed as described above for Scheme 1. 
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Scheme 2 




Compoimds of formiila (1), wherein has the structure Me he and 

OMd 

compounds of formula (2), wherein has the structure preferably 
5 may be prepared by procedures analogous to those already described, as 
illustrated in Scheme 3. Compoxmds XXII, wherein Y* has the structure 

Me (be , may be prepared from the corresponding methoxy substituted 
compoimds XXI by oxidation with 2,3-dichloro-5,6-dicyano-'l,4-benzoqvdnone 
(DDQ). 
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Scheme 3 



I Me 



OM9 O 



Me Me 

XVI 

PI^P=CH2C02Et 



OMe 



Cy- 




OH 



Me Me 



NaH, 
(000)2 



OMd 



XVIII 



Me Me 



1. GDI. THF 



XIX 



UOH, 



MeOH-H^ 



OMe O 



Me Me 



XVII 



TMSONH2 



NHOH 



Me Me 



XX 




Compounds of formula (2), wherein has the stmd^ Me Me 
5 preferably may be prepared as outlined in Scheme 4. Thus, the methoxy 

substituted diene ester XVH, prepared as described in Scheme 3, is treated with 
triethylsilane and boron trifluoride etherate to afford the deoxygenated 
compound XXIII. Conversion of XXIII to the hydroxamic add XXV and the 
anilinylamide XXVI is accomplished by procedures analogous to those described 
10 above for Schemes 1-3. 
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Scheme 4 




XXVI 



The compounds of formtila (3) are preferably prepared as outlined in 
Scheme 5. Thus, an acid of formula XXDC is esterified and then treated with a 
sulf onyl chloride, preferably in the presence of a tertiary amine such as 
triefhylamine. Saponification witii a base such as LiOH then affords the add 
XXXI. Conversion of XXXI to the hydroxamic add XXXII and the anilinylamide 
XXXin is accomplished by procedures analogous to those described above for 
Schemes 1-3, 
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Scheme 5 



HCI, MeOH 



Y^^OH 
XXDC 



NHOH 



XXXU 
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, CF3COOH 



NHa 



xxxm 



Compoiinds of formiala (1), wherein X is C=0 or C=N(OH) are preferably 
prepared as outlined in Schemes 6 and 7. Thus, an acyl chloride is treated with 
the heterocuprate reagent XXXIV in a solvent such as THF to afford the ketone 
XXXV. Ester hydrolysis affords the acid XXXVI, which may be coupled with 
hydroxylamine or with l^Z-phenylenediamine to afford the hydroxamic add 
XXXVin or tiie anilinylamide XXXIX, respectively. Alternatively, coupling of the 
add XXXVI with an excess of hydroxylamine affords the oximino hydroxamic 
acid XXXVII. 



27 



wo 01/70675 



PCT/reOl/00683 



Scheme 6 



o 
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Hydrogenation of the dienyl ester XI affords the saturated derivative XL, 
which is deoxygenated by treatment with triethylsilane and borontrifluoride 
5 etherate. Benzylic oxidation is then accomplished by treatment with N-bromo- 
sucdnimide in carbon tetrachloride, followed by treatment with bis(tetrabutyl- 
ammonitim) dichromate to afford the ketone XLII. Ester hydrolysis and 
conversion to the hydroxamic add are then accomplished by procedures 
ai\alogous to those described above for Schemes 1-3. 
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Scheme 7 




The compound of f ormtda (4) is preferably prepared as described in the 
Examples. 

Compounds of formula (1), wherein W is -NH-Z are preferably prepared as 
outlined in Scheme 8* Reduction of the ketoester XLV affords the diol XL VI, 
which is oxidized selectively at the benzylic position with manganese (IV) oxide 
to give the ketone XLVIL The primary alcohol is substituted for the bromide 
group to afford XLVTII which is then converted to the aniline XLIX. 
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Scheme 8 




xux 



Carbamates (LI, X = O) and ureas (LI, X = NH) are preferably S3m1hesized 
5 according to the route outlined in Scheme 9. Treatment of the carboxyHc add L 
with diphenylphosphoryl azide in the presence of triethylamine followed by in 
situ trapping of the resulting isocyanate with 1,2-phenylenediamine or 2- 
aminophenol affords the ureas LL A similar procedure may be employed for the 
preparation of carbamates, by treating the isocyanate with pyridylcarbinoL 

10 Scheme 9 




Compounds LV and LVI, wherein Cy is a biaryl moiety, may be prepared 
according to the synthetic route depicted in Scheme 10. The bromobenzoyl ester 
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Ln is treated with an heteroaryl- or arylboronic adds in presence of palladitun(O) 
catalyst to afford esters LIII, Ester hydrolysis affords the acid LIV, which may be 
coupled with 1,2-phenylenediamine or with hydroxylamine to afford respectively 
the anilinyl amide L V or the hydroxamic add LVI, 

5 Scheme 10 
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Compounds LIX, wherein Cy is an aminophenyl moiety, preferably may be 
prepared according to tiie synthetic route depicted in Scheme 11. The 
bromobenzoyl ester LEE is coupled with an amine in the presence of 
dibenzylacetone palladium and 2,2'-bis(diphenylphosphino)-l,l'-binaphtyl to 
5 afford esters LVII. Ester hydrolysis affords the add LVIII, which may be coupled 
with hydroxylamine to afford the hydroxamic add LIX. 

Scheme 11 




10 Compotinds LXIII-LXVII may be prepared according to the synthetic route 

depicted in Scheme 12. The aryl bromide is treated with n-butyllithium followed 
by trimethyltin chloride to give the aryltin compound, which may coupled with 
the add chloride LX to afford tiie arylketoester LXI. Ester hydrolysis and the 
subsequent treatment of the add LXII with hydroxylamine or 1,2- 

15 phenylenediamine affords respectively tiie hydroxamic add LXin or the anilinyl 
amide LXIV. The amides LXTV are easUy converted to the oximes LXV and LXVI. 
Reduction of LXIV with sodium borohydride affords the alcohol LXVI. 



32 



wo 01/70675 



PCT/IBOl/00683 




Compounds LXX, wherein W is -C(0)-CH2SR^ may be prepared according 
to the sjmthetic route depicted in Scheme 13. The carboxylic add LXVIII is 
converted to a-diloromethylketone LXDC by the successive treatment of oxalyl 
chloride, diazomethane and hydrochloric acid. Replacement of chloride by a thiol 
in the presence of triethylamine affords the a-fhiomethylketones LXX. 

Scheme 13 

O O 1. (C0CI)2/DMF 9 9 R2sH.Et3N 9 9 ^ 

LXVIII a Ha LXDC LXX 
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Compoxmds such as the compoimds of formula LXXIV and LXXIX 
preferably may be prepared according to the route depicted in Scheme 14. Thus, 
the ketone LXXI is subjected to a Wittig reaction in the presence of methyl 
phosphonium bromide to afford the ester LXXIL Ester hydrolysis affords the add 
LXXIII, which may be coupled with hydroxylamine to afford the hydroxamic acid 
LXXIV. 

Protection of the ketone LXXI by treatment with ethylene glycol in 
presence of borontrifluoride etherate and trimethyl orthoformate afford the acetal 
LXXV. a-Methylation to LXXVI is then accomplished by treatment of LXXV with 
methyl iodide in the presence of lithium diisopropylethylamine. Deprotection of 
the acetal in acidic media, followed by the saponification of ester LXXVU and the 
subsequent conversion of tiie carboxylic add LXXVIII to the hydroxamic add 
afford LXXIX. 
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Scheme 14 
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Compounds LXXXIV and LXXXV may be prepared according to the 
S3mthetic route depicted in Scheme 15. The aldehyde LXXXI was subjected to a 
Wittig reaction in the presence of the phosphonium bromide LXXX to afford a 
(£/Z) mixture of alkene LXXXII. Conversion of LXXXII to the hydroxamic add 
5 LXXXIV is accomplished by a two steps procedure involving hydrolysis and 
coupling reaction with hydroxylamine. Reduction of LXXXTV by hydrogenation 
affords LXXXV. 

Scheme 15 




Compoimds of formula (1) wherein X is CH(OH) may be prepared 
according to the synthetic route depicted for compoimds XCII and XCIII in 
Scheme 16. The alcohol LXXXVI, prepared via a Grignard reaction of aldehyde 
LXXXI with 6-bromohexene, is protected by fert-butyldimethylsilyl group. 
15 Oxidative cleavage of olefin LXXXVH affords aldehyde LXXXVIII, which 

undergoes the Wittig reaction to give ester LXXXDC. Conversion of LXXXDC to the 
hydroxamic add XCI is accomplished by procedxire analogous to diose described 
above for Scheme 1-3. Deprotection of silyl ether group of XCI affords XCII, 
which is reduced with soditmi borohydride to give XCIII. 
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Scheme 16 




OSO4. NalQc 
NaHCX>3 




5 Compoimds of fonmila (1), wherein is a substituted alkylene, preferably 

may be prepared as outlined for compounds XCDC, CIII and CTV in Scheme 17. 
Hydroboration of the alkene XCIV with 9-BBN and the subsequent cross-coupling 
reaction with vinyl triflate XCV in the presence of palladium(O) catalyst affords 
die ester XCVI. Hydrolysis of ester XCVI followed by a Dess Martin oxidation 
10 gives the acid XCVIII, which is converted to the amide XCIX. Reduction of XCVI 
with sodium borohydride and nickel chloride affords the ester C. Conversion of 
CII to the anilinyl amide CHI and to the hydroxamic add CIV is accomplished by 
procedure analogous to those described above for Scheme 1-3. 
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Scheme 17 



OAe 




.NHOH 



Compounds CIX and CX may be prepared according to the synthetic route 
5 depicted in Scheme 18. The alcohol CV is prepared by treatment of 

bromobiphenyl with Y-butyrolactone in the presence of n-butyllithium. Oxidation 
of CV with pyridinium dichromate in the presence of soditim acetate affords the 
aldehyde CVI, which undergoes the Wittig reaction to give the diene ester CVn. 
Conversion of CVII to the anilinyl amide CIX and to the hydroxanuc add CX is 
10 accomplished by procedure analogous to those described above for Scheme 1-3. 
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Scheme 18 




Compoimds of formtda (2), wherein one carbon atom in flte linear chain 
5 connecting Cy and W is replaced by NR^ preferably may be prepared as outlined 
for compounds CXVII-CXX in Scheme 19. The lactone CXI is N-allqrlated with 
methyl iodide or 2-bromomethylnaphthalene in the presence of a base to afford 
CXn, which is hydrolyzed under add condition to give the amino add CXIII. A 
subsequent N-alkylation or N-acylation affords respectively tiie tertiary amine 
10 CXIV and CXV or the carbamate CXVI. Conversion of CXIV, CXV and CXVI to 
the anilinyl amide or hydroxamic acid, respectively, CXVII, CXVIII and CXDC is 
accomplished by procedure analogous to those described above for Scheme 1-3. 
Deprotection of CXIX xising trifluoroacetic add affords CXX. 
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Scheme 19 




Compoimds of formula (1), wherein one carbon atom in the linear chain 
5 connecting X and W is replaced by S(0)^ preferably may be prepared as outlined 
in Scheme 20. The acid CXXI is prepared by treatment of 5-mercaptovaleric acid 
and the aryl ketone in the presence of a base. The oxidation of the sulfide of CXXI 
with oxone affords the add CXXIV. Conversion of CXXI and CXXIV respectively 
to the anilinyl amide CXXIII and CXXVI and to the hydroxamic add CXXII and 
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CXXV is accomplished by the procedures analogous to those described above for 
Scheme 1-3. 

Scheme 20 




Compotmds of formula (2), wherein one carbon atom in the linear chain 
connecting Cy and W is replaced by an oxygen atom^ preferably may be prepared 
as outlined for compoimds CXXIX and CXXX in Scheme 21. The ester CXXVII is 
10 prepared by treatment of ethyl-7-bromoheptanoate and (tie 4-phenylphenol in the 
presence of a base. Hydrolysis of ester and the subsequent conversion of the 
carboxylic add CXXVni to the anilinyl amide and hydroxamic acid affords 
respectively CXXIX and CXXX. 
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Scheme 21 




Compoiinds of f ormtda (2), wherein Cy is an N-linked heteroqrde, 
5 preferably may be prepared according to routes analogous to those depicted in 
Schemes 22-24. Treatment of 6-aminocaproic add and the anhydride CXXXI in 
the presence of a base, followed by a reflux in formic add or diazotization afford 
the acid CXXXn (wherein X=CH or X=N respectively). The conversion of the 
carboxylic acid CXXXII to the hydroxamic add and anilinyl amide afford 
10 respectively CXXXni and CXXXIV. • 
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The anhydride CXXXVI is prepared by heating of the diacid CXXXV, as 
5 shown in Scheme 23. The treatment of the anhydride CXXXVI with an amino add 
in the presence of a base affords the add CXXXVII. A subsequent treatment of the 
acid CXXXVII with 1-methylpiperidine in the presence of paraformaldehyde 
affords the acid CXXXVIII. The conversion of the carboxylic add CXXXVII or 
CXXXVIII to the hydroxanuc add and anilinyl amide afford respectively 
10 CXXXIX. 
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Scheme 23 
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Treatment of the anhydride CXL with an amino acid in the presence of a 
base affords the add CXLI, as shown in Scheme 24. The conversion of the 
carboxylic add CXLI to the anilinyl amide then affords CXLII. 

Scheme 24 




Pharmaceutical Compositions 

In a second aspect, the invention provides a pharmaceutical composition 
comprising an inhibitor of histone deacetylase represented by any one of formulae 
(l)-(7) and a pharrriaceutically acceptable carrier, exdpient, or diluent. 
Compoimds of the invention may be formulated by any method well known in 
the art and may be prepared for administration by any route, including, without 
limitation, parenteral, oral, sublingual, transdermal, topical, intranasal, 
intratracheal, or intrarectal. In certain preferred embodiments, compounds of the 
invention are administered intravenously in a hospital setting. In certain other 
preferred embodiments, administration may preferably be by the oral route. 

The characteristics of the carrier wUl depend on the route of 
administration. As used herein, the term "pharmaceutically acceptable" means a 
non-toxic material that is compatible with a biological system such as a cell, cell 
culture, tissue, or organism, and tiiat does not interfere with the effectiveness of 
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the biological activity of the active ingredient(s). Thus, compositions according to 
tihie invention may contain, in addition to the inhibitor, diluents, fillers, salts, 
buffers, stabilizers, solubilizers, and other materials well known in the art The 
preparation of pharmaceutically acceptable formulations is described irv e.g., 
5 Remington '$ Pharmaceutical Sciences, 18th Edition, ed. A. Gennaro, Mack 
Publishing Co., Easton, PA, 1990. 

Inhibition ofHistone Deacetylase 

In a third aspect, the invention provides a method of inhibiting histone 
10 deacetylase in a cell, comprising contacting a cell in which inhibition of histone 
deacetylase is desired with an inhibitor of histone deacetylase represented by any 
one of formxilae (l)-(7). 

Measurement of the enzymatic activity of a histone deacetylase can be 
achieved using known methodologies. For example, Yoshida et al,, /. Biol Chem., 

15 265: 17174-17179 (1990), describes the assessment of histone deacetylase 

enzymatic activity by the detection of acetylated histones in trichostatin A treated 
cells. Taunton et ah, Science, 272: 408-411 (1996), similarly describes metiiods to 
measure histone deacetylase enzjonatic activity using endogenous and 
recombinant HDAC-1. Both of these references are hereby incorporated by 

20 reference in their entirety. 

In some preferred embodiments, the histone deacetylase inhibitor interacts 
with and reduces the activity of all histone deacetylases in the cell. In some other 
preferred embodiments according to this aspect of the invention^ the histone 
deacetylase inhibitor interacts with and reduces the activity of fewer than all 

25 histone deacetylases in the cell. In certain preferred embodiments, the inhibitor 
interacts witii and reduces the activity of one histone deacetylase (e.g., HDAC-1), 
but does not interact with or reduce tiie activities of other histone deacetylases 
{e.g., HDAC-2, HDAC-3, HDAC-4, HDA05, HDAC-6, HDAC-7, and HDAC-S). 
As discussed below, certain particularly preferred histone deacetylase inhibitors 

30 are those that interact with and reduce the enz3nnatic activity of a histone 
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deacetylase that is involved in tumorigenesis. Certain other preferred histone 
deacetylase inhibitors interact with and reduce the enz3anatic activity of a fungal 
histone deacetylase. 

Preferably, the method according to the third aspect of the invention causes 
5 an inhibition of cell proliferation of the contacted cells. The phrase "inhibiting cell 
proliferation" is used to denote an ability of an inhibitor of histone deacetylase to 
retard the growth of cells contacted with the inhibitor as compared to cells not 
contacted. An assessment of cell proliferation can be made by counting contacted 
and non-contacted cells using a Coulter Cell Counter (Coulter, Miami, FL) or a 
10 hemacytometer. Where the cells are in a solid growth {e.g., a solid tumor or 
organ), such an assessment of cell proliferation can be made by measuring tiie 
growth with calipers and comparing the size of the growth of contacted cells with 
non-contacted cells. 

Preferably, growth of cells contacted with tiie inhibitor is retarded by at 
15 least 50% as compared to growth of non-contacted cells. More preferably, cell 
proliferation is inhibited by 100% (i.e., the contacted cells do not increase in 
number or size). Most preferably, the phrase "inhibiting cell proliferation" 
includes a reduction in the niunber of contacted cells, as compared to non- 
contacted cells. Thus, an inhibitor of histone deacetylase according to the 
20 invention that inhibits cell proliferation in a contacted cell may induce the 
contacted cell to imdergo growth retardation, to imdergo growth arrest, to 
undergo programmed cell death {ie., to apoptose), or to imdergo necrotic cell 
death. 

The cell proliferation inhibiting ability of the histone deacetylase inhibitors 
25 according to the invention allows tiie synchronization of a population of 

asynchronously growing cells. For example, the histone deacetylase inhibitors of 
tiie invention may be used to arrest a population of non-neoplastic cells grown in 
vitro in the Gl or G2 phase of the cell cycle. Such synchronization allows, for 
example, the identification of gene and/or gene products expressed during the Gl 
30 or G2 phase of the cell cycle. Such a synchronization of cultured cells may also be 
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useful for testing the efficacy of a new transfection protocol, where transfection 
efficiency varies and is dependent upon the particular cell cycle phase of the cell 
to be transfected. Use of the histone deacetylase inhibitors of the invention allows 
the synchronization of a population of cells, thereby aiding detection of enhanced 
transfection efficiency. 

In some preferred embodiments, the contacted cell is a neoplastic cell. The 
term "neoplastic cell" is used to denote a cell that shows aberrant cell growth* 
Preferably, the aberrant cell growth of a neoplastic cell is increased cell growth. A 
neoplastic cell may be a hj^perplastic cell, a cell that shows a lack of contact 
inhibition of growtih in vitro, a benign tumor cell that is incapable of metastasis in 
vivo, or a cancer cell that is capable of metastasis in vivo and that may recur after 
attempted removal. The term "tumorigenesis" is used to denote the induction of 
cell proliferation that leads to the development of a neoplastic growth. In some 
embodiments, the histone deacetylase inhibitor induces cell difierentiation in the 
contacted cell. Thus, a neoplastic cell, when contacted with an inhibitor of histone 
deacetylase may be induced to differentiate, resulting in the production of a 
daughter cell that is phylogenetically more advanced than the contacted cell. 

In some preferred embodiments, the contacted cell is in an animal. Thus, 
the invention provides a metiiod for treating a cell proliferative disease or 
condition in an animal, comprising administering to an animal in need of such 
treatment a tiherapeutically effective amount of a histone deacetylase inhibitor of 
the invention. Preferably, the animal is a mammal, more preferably a 
domesticated mammal. Most preferably, the animal is a human. 

The term "cell proliferative disease or condition" is meant to refer to any 
condition characterized by aberrant cell growth, preferably abnormally increased 
cellular proliferation- Examples of such cell proliferative diseases or conditions 
include, but are not limited to, cancer, restenosis, and psoriiasis. In particularly 
preferred embodiments, the invention provides a method for inhibiting neoplastic 
cell proliferation in an animal comprising administering to an animal having at 
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least one neoplastic cell present in its body a therapeutically effective amount of a 
histone deacetylase inhibitor of the invention. 

It is contemplated that some compoimds of tihe invention have inhibitory 
activity against a histone deacetylase from a protozoal source. Thus, the invention 
5 also provides a method for treating or preventing a protozoal disease or infection, 
comprising administering to an animal in need of such treatment a therapeutically 
effective amoimt of a histone deacetylase inhibitor of the invention. Preferably 
the animal is a mammal, more preferably a human. Preferably, the histone 
deacetylase inhibitor used according to this embodiment of the invention inhibits 
10 a protozoal histone deacetylase to a greater extent than it iiJiibits mammalian 
histone deacetylases, particularly human histone deacetylases. 

The present invention further provides a method for treating a fungal 
disease or infection comprising administering to an animal in need of such 
treatment a therapeutically effective amount of a histone deacetylase inhibitor of 
15 the invention. Preferably the animal is a mammal, more preferably a himian. 

Preferably, the histone deacetylase inhibitor used according to this embodiment of 
the invention inhibits a fungal histone deacetylase to a greater extent than it 
inhibits mammalian histone deacetylases, particularly human histone 
deacetylases. 

20 The term "therapeutically effective amoimt" is meant to denote a dosage 

sufficient to cause inhibition of histone deacetylase activity in the cells of the 
subject, or a dosage sufficient to inhibit cell proliferation or to induce cell 
differentiation in the subject. Administration may be by any route, including, 
without limitation, parenteral, oral, sublingual, transdermal, topical, intranasal, 

25 intratracheal, or intrarectal. In certain particularly preferred embodiments, 

compoimds of the invention are administered intravenously in a hospital setting. 
In certain other preferred embodiments, administration may preferably be by the 
oral route. 

When administered systemically, the histone deacetylase inhibitor is 
30 preferably administered at a sufficient dosage to attain a blood level of the 
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inhibitor from about 0.01 pM to about 100 pM, more preferably from about 0.05 
(xM to about 50 isM, still more preferably from about 0.1 nM to about 25 |LiM, and 
still yet more preferably from about 0.5 to about 25 pM. For localized 
administration, much lower concentrations than this may be effective, and much 
5 higher concentrations may be tolerated. One of skill in the art will appreciate that 
tiie dosage of histone deacetylase inhibitor necessary to produce a tiierapeutic 
effect may vary considerably depending on the tissue, organ, or the particular 
animal or patient to be treated. 

In certain preferred embodiments of the third aspect of the invention, the 
10 method further comprises contacting the cell with an antisense oligonucleotide 
that inhibits the expression of a histone deacetylase. The combined use of a 
nucleic acid level inhibitor {ie., antisense oligonucleotide) and a protein level 
inhibitor {ie., inhibitor of histone deacetylase enzyme activity) results in an 
improved inhibitory effect, thereby reducing the amounts of the inhibitors 
15 required to obtain a given inhibitory effect as compared to the amoimts necessary 
when either is used individually. The antisense olignoxmcleotides according to 
this aspect of the invention are complementary to regions of RNA or double- 
stranded DNA that encode HDAOl, HDAC-2, HDAC-3, HDAC-4, HDAC-5, 
HDAC-6, HDAC-7, and/or HDAC-8 (see e.g., GenBank Accession Number 
20 U50079 for HDAC-1, GtoBank Accession Number U31814 for HDAC-2, and 
GenBank Accession Number U75697 for HDAC-3). 

For piuposes of the invention, the term "oligonucleotide" includes 
pol5raers of two or more deoxyribonucleosides, ribonucleosides, or 2 -O- 
substituted ribonucleoside residues, or any combination thereof. Preferably, such 

25 oligonucleotides have from about 6 to about 100 nucleoside residues, more 
preferably from about 8 to about 50 nucleoside residues, and most preferably 
from about 12 to about 30 nucleoside residues. The nucleoside residues may be 
coupled to each other by any of the nimierous known intemucleoside linkages. 
Such intemucleoside linkages include without limitation phosphorothioate, 

30 phosphorodithioate, alkylphosphonate, alkylphosphonothioate, phosphotriester, 
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phosphoramidate, siloxane, carbonate, carboxymethylester, acetamidate, 
carbamate, thioether, bridged phosphoramidate, bridged methylene phosphonate, 
bridged phosphorothioate and sidfone intemucleoside linkages. In certain 
preferred embodiments, these intemucleoside linkages may be phosphodiester, 
5 phosphotriester, phosphorothioate, or phosphoramidate linkages, or 

combinations thereof. The term oligonucleotide also encompasses such pol3aners 
having chemically modified bases or sugars and/ or having additional 
substituents, including without limitation lipophilic groups, intercalating agents, 
diamines and adamantane. For purposes of the invention the term "2'-0 

10 substituted" means substitution of the T position of the pentose moiety with an - 
O-lower alkyl group containing 1-6 saturated or lonsaturated carbon atoms, or 
with an -O-aryl or allyl group having 2-6 carbon atoms, wherein such alkyl, aryl 
or allyl group may be unsubstituted or may be substituted, e.g., with halo, 
hydroxy, trifluoromethyl, cyano, nitro, acyl, acyloxy, alkoxy, carboxyl, 

15 carbalkoxyl, or amino groups; or such H substitution may be with a hydroxy 

group (to produce a ribonudeoside), an amino or a halo group, but not with a 2*- 
H group. 

Particularly preferred antisense oligonucleotides utilized in this aspect of 
the invention include chimeric oligonucleotides and hybrid oligonucleotides. 

20 For ptirposes of the invention, a "chimeric oligonucleotide" refers to an 

oligonucleotide having more than one type of intemucleoside linkage. One 
preferred example of such a chimeric oligonucleotide is a chimeric 
oligonucleotide comprising a phosphorothioate, phosphodiester or 
phosphorodithioate region, preferably comprising from about 2 to about 12 

25 nucleotides, and an alkylphosphonate or alkylphosphonotiiioate region (see eg., 
Pederson el al U.S. Patent Nos. 5,635,377 and 5,366,878). Preferably, such 
chimeric oligonucleotides contain at least three consecutive intemucleoside 
linkages selected from phosphodiester and phosphorothioate linkages, or 
combinations thereof. 
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For pixrposes of the invention, a "hybrid oligonucleotide" refers to an 
oKgonucleotide having more than one type of nucleoside. One preferred example 
of such a hybrid oligonucleotide comprises a ribonucleotide or 2*-Q-stibstituted 
ribonucleotide region, preferably comprising from about 2 to about 12 2*-0 
5 substituted nucleotides, and a deoxyribonucleotide region. Preferably, such a 
hybrid oligonucleotide will contain at least three consecutive 
deoxyribonucleosides and will also contain ribonucleosides, 2'-Osubstituted 
ribonucleosides, or combinations tfiereof (see e.g., Metelev and Agrawal, U.S. 
Patent No. 5,652,355). 

10 The exact nucleotide sequence and chemical structure of an antisense 

oligonucleotide utilized in the invention can be varied, so long as the 
oligonucleotide retains its ability to inhibit expression of tiie gene of interest. This 
is readily determined by testing whether the partictilar antisense oligonucleotide 
is active by quantitating the mRNA encoding a product of the gene, or in a 

15 Westem blotting analysis assay for ttie product of the gene, or in an activity assay 
for an enzymatically active gene product, or in a soft agar growth assay, or in a 
reporter gene construct assay, or an in vivo tumor growth assay, aU of which are 
described in detail in this specification or in Ramchandani et al (1997) Proc. Nati. 
Acad. Sd. USA 94: 684-689. 

20 Antisense oligonucleotides utilized in the invention may conveniently be 

synthesized on a suitable solid support using well known chemical approaches, 
including H-phosphonate chemistry, phosphoramidite chemistry, or a 
combination of H-phosphonate chenustry and phosphoramidite chemistry (x.e., H- 
phosphonate chemistry for some cycles and phosphoramidite chemistry for other 

25 cycles). Suitable solid supports include any of the standard solid supports used 
for solid phase oligonucleotide synthesis, such as controlled-pore glass (CPG) 
(see, e.g, Pon, R.T. (1993) Methods in Molec. BioL 20: 465-496). 

Particularly preferred oligonucleotides have nucleotide sequences of from 
about 13 to about 35 nucleotides which include the nucleotide sequences shown in 
30 Table 1. Yet additional particularly preferred oligonucleotides have nucleotide 
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sequences of from about 15 to about 26 nucleotides of the nucleotide sequences 
shown in Table 1. 
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The following examples are intended to further illustrate certain preferred 
embodiments of the invention, and are not intended to limit the scope of the 
invention. 



EXAMPLES 




znsrj 



MeO O 



1:X = 0Mb 2:XaOW!e 
7:X = H 8:X = H 



PnaP-CHjCPzEt 



pnde o 

OH 



X^ — ^ 4:XsOMe 
3:XaOMe 10:X=H 
9:XoH 16:XaNM^ 
15:XaNMe2 

METHODA owe O mSONH^ r'^'^.y^^ 

5 i X aOMe 6 : X sOMe(Example 1) 

11:XbH 12:XsH(ExBmple2) 



MeO' 




,then4N-HCI (forXaH) 

^NHtBOC 

or 

^NHa 
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21 : (Example?) ^^^nh. 



20: XaNMoz (Example 6) 



?** n ril 18: X = OMe (Example 4) 

jX-'^Y^'-^^-^''^^'^^^''^^^ 19:XaH(Examp!e5) 

1 OCOf/THF 
OlUb O 
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Example 1; 

N-Hydioxy-7-me{hoxy-7-(4-methoxyphenyl)*2,4-heptadienam (6) 

Step 1: 5-Methoxy-5-f4rmethoxyphenyl)1-2-pentanal (2) 

To a stirred solution of p-anisaldehyde diraethyl acetal (1) (1.82g, 10 mmol) 
5 in dry CHjCl^ (60 mL) at rt was added l-trimethylsilyloxy-l>butadiene (1.42 g, 10 
mmol) followed by catalytic amount of anhydrous ZnBr^ (25 mg). After being 
stirred for 5 h at rt, the reaction was quenched with water (20 mL). The two 
phases were separated and the aqueous layer was extracted with CH2Q2 (2 x 25 
mL). The combined organic layers were washed with brine, dried over 

10 magnesium sulfate, filtered, and concentrated \mder reduced pressure. 

Purification of the crude product by flash silica gel chromatography (25% ethyl 
acetate in hexane) afforded the desired aldehyde 2 (1.15 g, 61% yield) as a 
colorless oil: NMR (300 MHz, CDCI3) 5 9.48 (d, J = 7.8 Hz, IH), 7.21 (d, J = 9.0 
Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H), 6.81 (dt, J = 15.6, 6.9 Hz, IH), 612 (ddt, J =15.6, 

15 7.8, 1.5Hz, IH), 4.23 (dd, J = 8.1, 5.1 Hz, IH), 3.81 (s, 3H), 3.20 (s, 3H), 2.78 (m, IH), 
2,65 (m, IH). 

Step 2: Ethyl-7-methoxy-7-(4rmethoxyphenyl)"2.4-heptadienoate (3) 

A mixture of aldehyde 2 (1.13 g, 5.14 mmol) and etitiyl (triphenyl- 
phosphoranylidene)acetate (2.15 g, 6.16 mmol) in CHgOj (25 mL) was heated at 

20 reflux for 5 h imder N^. After removal of the solvent under reduced pressure, tiie 
crude product obtained was purified by flash silica gd chromatography (10% 
ethyl acetate in hexane) to give the titie compound 3 (1.10 g, 74% yield) as a 
colorless oil: 'H NMR (300 MHz, CDCI3) 8 7.20 (m, 3H), 6.88 (d, J =8.7 Hz, 2H), 
5.99-6.21 (m, 2H), 5.76 (d, J = 15.3Hz, IH), 4.18 (q, J =7.2 Hz, 2H), 4.13 (dd, J =8.4, . 

25 6.0 Hz, IH), 3.81 (s, 3 H), 3.18 (s, 3H), 2.64 (m, IH), 2.48 (m, IH), 1.28 (t, J = 7.2Hz, 
3H). 

Step 3: 7-Methoxy-7-(4-methoxyphenyl)-2,4-heptadienoic add (4) 

To a stirred solution of diene ester 3 (0.36g, 1.24mmol) in methanol (10 mL) 
at rt was added aqueous LiOH 0.5 N solution (3.4 mL, 1.7mmol). After being 
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Stirred at 40 for 16 h, methanol was removed imder reduced pressure and the' 
resxilting aqueous solution was addified with 3N HQ (pH = ca. 4), extracted with 
ethyl acetate (25 x 3 mL), dried (MgSOJ, and concentrated imder reduced 
pressure to give the desired carboxylic add 4 (0.30 92% yield). Without further 
5 purification^ the crude product was used in the next step: *H NMR (300 MHz, 
CD3OD): 5 7.23 (d, J = 9.0 Hz, 2H), 7.00 (dd, J = 15.3, 10.5 Hz, IH), 6.93 (d, J = 9.0 
Hz, 2H), 6.17 (dd, J = 15.3, 10.5 Hz, IH), 5.93 (dd, J = 15.3, 10.5 Hz, IH), 5.85 (d, J = 
15.3 Hz, IH), 4.20 (br t, J =6.6 Hz, IH), 3.82 (s, 3 H ), 3.20 (s, 3H ), 2.61 (m, IH), 
2.48 (m, IH). 

10 Method A 

Step 4: 7-Methoxy-7-(4rmethoxyphenylV2.4>heptadienoic add chloride (5) 

To a suspension of 60% NaH (0.059 g, 1.47 mmol) washed previously with 
dry pentane (2x5 mL) in dry benzene (5 mL) at 5 °C was added dropwise a 
solution of carboxylic add 4 (0.30 g, 1.14 mmol) in dry benzene (5 mL) via 

15 cannula. After 20 min, oxalyl chloride (117 |liL, 1.34 mmol) was added via 

microsyringe, and then the reaction mixture was allowed to warm to rt over 30 
min. After stirring for an additional 1.5 h at rt, the mixture was filtered and the 
filtrate was concentrated imder reduced pressure to give the desired add chloride 
5 in 93 % yield as a red-orange oil. Without further piorification, this crude 

20 product was used in the next step: *H NMR (300 MHz, CDCI3) 5 7.40 (dd, J = 15.3, 
10.5 Hz, IH), 7.20 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 6.30 (m, 2H), 5.98 (d, J 
= 15.3 Hz, IH), 4.18 (dd, J = 7.5, 4.8 Hz, IH), 3.82 (s, 3 H ), 3.20 (s, 3H ), 2.61 (m, 
lH),2.48(m,lH). 

Step 5: N-Hydroxy"7-metiioxy-7-(4"methoxyphenyl)-2.4-heptadienamide (6) 

25 To a stirred solution of trimethylsilyloxy hydroxylamine (132 |xL, 1.08 

mmol) and N-metiiylmorpholine (44 \iL, 0.40 mmol) in CtLfl^ (5 mL) at 0 ""C was 
added dropwise a solution of add chloride 5 (101 mg, 0.36 mmol) via cannula. 
The reaction mixture was stirred for 1 h, and then was allowed to warm to rt over 
1 h. After being stirred for an additional 1 h, the reaction mixture was diluted 
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With CHCI3 : MeOH (20 mL : 1 mL), washed with saturated NaHCOg solution and 
then water, and the organic phase was dried (MgSO^) and concentrated under 
reduced pressure. Purification by flash silica gel chromatography (5-10% MeOH 
in CHCI3) gave the desired hydroxamic add 6 (30 mg, 30%) as a colorless solid: *H 
5 NMR (300 MHz, CDO,) 8 7.20 (m, 3H), 6.87 (d, J = 7.5 Hz, 2H), 5.60- 6.20 (m, 3H), 
4.10 (m,lH), 3.79 (s, 3 H ), 3.16 (s, 3H ), 2.61 (m, IH), 2.43 (m,lH); NMR (75.4 
MHz,CDCl3)541,6, 

55.2, 56.4, 82.7, 113.8, 117.9, 127.8, 130.4, 133.1, 139.3, 141.7, 159.2, 165.5. 
Example 2: 

10 N-Hydroxy-7-methoxy-7-phenyl-2,4-heptadienamide (12) 

Step 1: 5-Methoxy-5-phenyl-'2-pentanal (8) 

Following a procedure analogous to that described in Example 1, stepl, but 
substituting benzaldehyde dimethyl acetal 7 for p-anisaldehyde dimethyl acetal 1, 
the title compoxmd was obtained in 60% yield: 'H NMR (300 MHz, CDCI3) 
15 5 9.49 (d, J = 8.1 Hz, IH), 7.31 (m, 5H), 6.83 ( dt, J = 15.6, 7.2 Hz, IH), 6.12 (ddt, J 
=15.6, 8.1, 1.5 Hz, IH), 4.30 (dd, J = 8.1, 4.8 Hz, IH), 3.24 (s, 3H), 2.79 (m, IH), 2.67 
(m, IH). 

Step 2: Ethyl-7-methoxy-7-phenyl-2,4-heptadienoate (9) 

Following a procedure analogous to that described in Example 1, step 2, 
20 but substituting aldehyde 8 for aldehyde 2, the title compound was obtained in 
63% yield: 'H NMR (300 MHz, CDCI3) 5 7.30 (m, 6H), 6.11 (m, 2H), 5.76 (d, J = 
15.3 Hz, IH), 4.18 (q, J =7.2 Hz, 2H), 4.16(dd, J =7.5, 5.4 Hz, IH), 3.21(s, 3 H ), 2.64 
(m, IH), 2.50 (m, IH), 1.28 (t, J = 7.2 Hz, 3H). 

Step 3: 7-Methoxy-7-phenyl-2.4>heptadienoic add (10) 

25 Following a procedure analogous to that described in Example 1, step 3, 

but substituting diene ester 9 for 3 the title compound was obtained in 79% yield: 
'H NMR (300 MHz, CD3OD) 6 7.29 (m, 5H), 7.18 (dd, J = 15.3, 10.5 Hz, IH), 6.16 
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(m, 2H), 5.75 (d, J = 15.3 Hz, IH), 4.22 (br t, J =6.6 Hz, IH), 3.19 (s, 3H ), 2.61 (m, 
lH),2.48(m,lH). 

Step 4: 7-Methoxy-7-phenyl-2.4-heptadienoic add chloride (11) 

Following a procedure analogous to that described in Example 1, step 4, 
5 but substituting caiboxylic add 10 for 4, tiie title compound was obtained in a 
quantitative yield: 'H NMR (300 MHz, CDCy 5 7.25-7.45 (m, 6H), 6.30 (m, 2H), 
6.10 (d, J = 15.0 Hz, IH), 4.23 (dd, J = 7.5, 5.4 Hz, IH), 3.22 (s, 3H ), 163 (m, IH), 
2.49 (m, IH). 

Step 5: N-Hydroxy-7-meaioxy-7-phenyl-2.4-heptadienamide (12) 

10 Following a procedure analogous to that described in Example 1 step 5 but 

substituting add chloride 11 for 5 the title compound was obtained in 45% yield: 
•H NMR (300 MHz, CDCl,) 6 7.28 (m, 5H), 7.15 ( dd, J = 14.7, 10.5 Hz, IH), 6.05 (m, 
2H), 5.73 (d, J= 14.7 Hz, IH), 4.17 (dd, J = 8.4, 4.8 Hz, IH), 3.19 (s, 3H ), 2.61 (m, 
IH), 2.43 (m,lH); ''C NMR (75.4 MHz, CDCy 

15 6 41.6, 56.6, 83.1, 1 18.0, 126.5, 127.8, 128.4, 130.4, 139.0, 140.1, 141.6. 165.5. 

Example 3; 

N-Hydroxy-7-methoxy-7-[4-(]V^-dimethylamino)phrayl]-3,4-heptadienamide 
(17) 

Step 1: 5-Methoxy-5-[4-(iSr-3Sr-dimethylamino)phenyl1-2-pentanal (14) 

20 Following a procedure analogous to that described in Example 1, step 1, 

but substituting 4rdimethylaminobenzaldehyde dimethyl acetal (13) for p- 
anisaldehyde dimethyl acetal (1), the title compovind 14 was obtained in 39% 
yield: 'H NMR (300 MHz, CDCy 8 9.48 (d, J = 8.1 Hz, IH), 7.16 (d, J = 8.7 Hz, 
2H), 6.83 ( dt, J = 15.6, 6.9 Hz, IH), 6.71 (d, J = 8.7 Hz, 2H), 6.12 (ddt, J =15.6, 7.8, 

25 1.5 Hz, IH), 4.23 (dd, J = 8.1, 5.1 Hz, IH), 3.19 (s, 3H), 2.96 (s, 6H), 2.81 (m, IH), 
2.65 (m, IH). 
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Step 2: Ethyl 7-methoxy-744-(N. N-dimethylamino)phenyl1-^^^ (15) 

Following a procedure analogous to that described in Example 1, step 2, 
but substituting aldehyde 14 for 2, the title compound 15 was obtained in 87 % 
yield: NMR (300 MHz, CDCy 5 7.23 (dd, J = 15.3, 10.2 Hz, IH), 7.13 (d, J = 9.0 
5 Hz, 2H), 6.71 (d, J = 9.0 Hz, 2H), 6.01-6.23 (m, 2H), 5.76 (d, J = 15.3 Hz, IH), 4.18 (q, 
J =7.2 Hz, 2H), 4.13 (dd, J = 7.8, 6.0 Hz, IH), 3.18 (s, 3 H ), 2.96 (s, 3H ), 2.66 (m, 
IH), 2.50 (m, IH), 1.28 (t, J = 7.2Hz, 3H). 

Step 3: 7-Methoxy-'7-f4r(N,N-dimethylamino)phenylV2,4-heptadienoic add (16) 

Following a procedure analogous to that described in Example 1, step 3, 
10 but substituting diene ester 15 for 3, the title compound 16 was obtained in 97% 
yield: 'H NMR (300 MHz, CDCy 5 7.31 (dd, J = 15.3, 10.2 Hz, IH), 7.15 (d, J = 9.0 
Hz, 2H), 6.73 (d, J = 9.0 Hz, 2H), 6.17 (m, 2H), 5.77 (d, J = 15.3Hz, IH), 4.20 (m, 
IH), 3.19 (s, 3 H), 2.96 (s, 6H), 2.68 (m, IH), 2.52 (m, IH). 

Method B 

15 Step 4: N-Hydroxy-7-methoxy-[4-(N,N-dimetfaylarmno)phenylV2.4- 
heptadienamide (If) 

To a solution of carboxylic add 16 (110 mg, 0.40 mmol) in anhydrous THF 
(5 mL) was added l,l'-carbonyldiimidazole (77 mg, 0.439 mmol) at rt, and the 
mixture was stirred overnight. To this solution was added i-butyldimethylsilyl- 

20 hydroxylamine (200 mg, 1.36 mmol). The mixture was stirred at rt for 14 h and 

ttien at 45 ^'C for 3 h. The resulting yellow solution was diluted with water (5 mL), 
stirred for 20 minutes, and then extracted with ethyl acetate (3 x 15 mL), dried, 
and concentrated. Purification by flash silica gel chromatography (80% ethyl 
acetate in hexanes and then ethyl acetate orUy) afforded tixe title compound 17 (44 

25 mg, 38% yield): NMR (300 MHz, CDCy 5 7.18 (dd, J = 15.0, 10.2 Hz, IH), 7.13 ( 
d, J = 8.7 Hz, IH), 6.71 (d, J = 8.7 Hz, 2H ), 5.96-6.17 (m, 2H), 5.66 (br d J = 15.0 Hz, 
IH), 4.09 (dd, J = 7.5, 5.7 Hz, IH), 3.17(s, 3H ), 2.94 (s, 6H), 2.61 (m, 1H),2.43 
(m,lH); "C NMR (75.4 MHz, CDCl,) 

540.6. 41.5, 56.2, 82.9, 112.4, 117.4, 127.6, 128.7, 130.1, 139.9, 141.9, 150.3, 165.5. 
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Example 4: 

N-(2-Aminophenyl)-7-methoxy-7-(4-methoxyphenyl)-2,4-heptad^ (18) 

To a stirred solution of add chloride 5 (115 mg,0.41 mmol) in CH2CI2 (5 mL) 
at 0 **C was added 1,2-phenylenediainine (133 mg,1.23 mmol) followed by N- 
5 methylmorpholine (49 jiL, 0.45 mmol). The mixture was stirred at 0 ''C for 1 h, and 
then was allowed to warm to rt over 1 h. After being stirred for an additional 1 h 
at rt, the reaction mixture was partitioned between CHCl3(2 x 15mL) and water , 
(15 mL). The combined organic layers were dried (MgSOJ and concentrated 
under reduced pressure to give the crude product. Purification by flash silica gel 
10 chromatography (50% ethyl acetate in hexane) afforded the desired benzamide 18 
(21 mg, 15% yield): NMR (300 MHz, CDCy 5 6.65-7.40 (m, 9H), 5.96-6.20 (m, 
2H), 5.92 (d, J = 15.3 Hz, IH), 4.18 (m,lH), 3.82 (br s, 2H), 3.81 (s, 3H ), 3.19 (s, 3H), 
2.61 (m, IH), 2.43 (m,lH); ""CNMR (75.4 MHz,CDCl3) 

841.7, 55.2, 56.4, 82.7, 113.8, 118.2, 119.5, 121.8, 124.4, 125.0, 127.0, 127,8, 130.1, 
15 133.1, 139.5, 140.7, 142.4, 159.2, 164.6. 

Example 5; 

jiV-(2-Aminophenyl)-7-methoxy-7-phenyl-2,4-heptadienamide (19) 

gtep 1: N-[2-(N-fgrt-Butoxycarbonyl)aminQphfflyl1-7-methQxy-7-ph^^^ 
heptadienamide 

20 Following a procedure analogous to that described in Example 4, but 

substituting add chloride 11 for 5 and i-Boc protected phenylenemonoamine for 
1,2-phenylenediamine, the title compoxmd was obtained as a light yellow solid in 
84% yield: 'H NMR (300 MHz, CDCy 8 8.23 (br s, IH), 7.01-7.49 (m, lOH), 6.09 
(m, 2H), 5.87 (d, J = 15.3 Hz, IH), 4.21 (dd, J = 7.5, 5.7 Hz, IH), 3.23 (s, 3H), 2.66 (m, 

25 IH), 2.52 (m, IH), 1.51 (s, 9H). 

Step 2: N-(2-AminophenylV7-methoxy-7-phenyl-2>4-heptadienamide fl9) 

The f-Boc protected aniline obtained in step 1 (200 mg, 0.473 mmol) was * 
dissolved in a mixture of methanol (2 mL) and 4N HCl solution in l,4rdioxane 
(3.55 mL, 14.2 mmol) and stirred at rt for 1 h. The reaction mbcture was diluted 
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with water (2 mL), neutralized with IN NaOH (pH 7-8), and extracted with 
CHOa. The organic extract was dried(MgS04) and concentrated: Purification by 
flash silica gel chromatography (50% ethyl acetate in hexane) afforded the title 
compound 19 (128 mg, 84% yield): 'H NMR (300 MHz, CDCy 8 7.48 (br s, IH), ^ . . 
5 7.01- 7.39 (m, lOH), 6.09 (m, 2fJ), 5.91 (dj = 147Hz, IH), 420 (br. tj = 6.3 Hz, 
IH), 3.81 (br. s, 2H), 3.21 (s, 3H), 2.66 (m,lH), 2.52 (m,lH); NMR ( 75.4 MHz, 
CDCI3) 5 41.7, 56.7, 83.2, 118.1, 119.4, 121.9, 124.4, 125.1, 
126.6, 127.1, 127.8, 128.5, 130.3, 139.2, 140.8, 141.2, 142.3, 164.6. 

Example 6: 

10 N-(2-Aminophenyl)-7-methoxy-7-[4-(N,N-dimethylamino)phenyll-2,4- 
heptadienamide (20) 

To a solution of carboxylic add 16 (207 mg, 0.753 mmol) in anhydrous THF 
(10 mL) was added l,l'-carbonyldmnidazole (128 mg, 0.790 mmol) at rt, and the . 
mixture was stirred overnight To the resulting solution was added 1,2- 

15 phenylenediamine (570 mg, 5.27 mmol), followed by trifluoroacetic add (52 ^1), 
and the reaction mixture was stirred for 16 h at rt. The reaction mixture was 
diluted with ethyl acetate (30 mL), washed with saturated NaHCOj solution (5 
mL) and then water (10 mL), dried (MgSO^), and concentrated. Purification by 
flash silica gel chromatography (50% ettiyl acetate in toluene) afforded the title 

20 compound 20 (115 mg, 42% yield): 'H NMR (300 MHz, CDCL,) 5 7.44 (br. s, IH), 
7.01-7.29 (m, 5H), 6.70-6.78 (m, 4H), 6.09 (m, 2H), 5.90 (d, J = 15.0 Hz, IH), 4.10 (br. 
t, J = 6.6 Hz, IH), 3.89 (br. s, 2H), 3.18 (s, 3H), 2.95 (s, 3H), 2.66 (m,lH), 2.50 
(m,lH); NMR ( 75.4 MHz, CDCI3) 5 40.5, 41.6, 82.8, 

112.3, 118.1, 119.4, 121,7, 124.4, 125.1, 127.0, 127.6, 128.6, 130.0, 140.0, 140.8, 142.5, 
25 150.2, 164.7. 

Example 7: 

Ar-(2-Aminopyridinyl)-7-meflioxy-7-(4-methoxyphenyl)-2A'heptadieii^ 

Following a procedure analogous to that described in Example 1, step 5, 
but substituting 2-aminopyridine for trimethylsilyloxyhydroxylamine, the title 
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compound was obtained in 5% yield: *H NMR (300 MHz, CDCy 6 8.31-8.23 (m, 
3H), 7.70 (m, IH), 7.31 (dd, J = 15.0, 10.5 Hz, IH), 7.19 (d, J = 9.0 Hz, 2H), 7.02 (m, 
IH), 6.89 (d, J = 9.0 Hz, 2H), 6.13 (m, 2H), 5.90 (d, J = 15.0 Hz, IH), 4.16 (dd, J = 7.2, 
6.0 Hz, IH), 3.82 (s, 3H), 3.20 (s, 3H), 2.62 (m, IH), 2.47 (m, IH). 




27: Example 9 28: Example 10 



Example 8: 

N-Hydioxy-6,6-dimeihyl«7-methoxy-7-(4-methoxyphenyl)-2,4-hept^^ 
(26) 

Stepl: 2,2-Pime1hy]t>3-m^thoxy-3-(4-methoxyphei>yl)^^^ (22) 

Following a procedure analogous to that described in Example 1, step 1, 
but substituting 2-methyl-l-(trimethylsilyloxy)-l-propene for 1-trimethylsilyloxy- 
1,3-butadiene, the title compound 22 was obtained in 65% yield: 'H NMR (300 
MHz, CDCy 5 9.67 (s, IH), 7.17 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 8.4 Hz), 4.26 (s, IH), 
3.82(s, 3H), 3.17 (s, 3H), 1.00 (s, 3H), 0.89 (s, 3H). 
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Step 2: Ethyl 44-dimelhyl-5-methoxy-5-f4-methoxyphenyl^^^^ (23) 

Following a procedure analogovis to that described in Example 1, step 2, 
but substituting aldehyde 22 for aldehyde 2 and conducting the reaction in 
refluxing toluene, the title compound 23 was obtained in 93% jdeld: *H NMR (300 
5 MHz, 0x33) 5 7.28 (d, J = 15.9 Hz, IH), 7.26 (d, J = 8.7 Hz, 2H), 7,00 (d, J = 8.7 Hz, 
2H), 5.83 (d, J = 15.9 Hz, IH), 4.34 (q, J = 7.2 Hz, 2H), 4.04 (s, IH), 3.9 7 (s, 3H), 3.32 
(s, 3H), 1.45 (t, J =7.2 Hz, 3H), 1.20 (s, 3H), 1.14 (s, 3H). 

Step 3: Ethyl 6.6-dimethyl-7-methoxy-7-f4-methoxyphenylV2.4rheptadienoate (24) 
i) DIB AL-H Reduction 

10 To a stirred solution of ester 23 (114g, 7.32 mmol) in anhydrous THF 

(40mL) was added dropwise a solution of DIBAL-H (l.OM solution in THF, 16 
mL, 16 mmol) via syringe at -78'*C, and the mixture was slowly warmed to rt over 
3 h with stirring. The reaction was quenched carefully with water (20 mL), 
extracted with ethyl acetate (30 x 3 mL), dried (MgSOJ, and concentrated. 

15 Purification by flash silica gel chromatography (25% ethyl acetate in hexane) 

afforded the corresponding alcohol (1.46 g, 80% yield) as a colorless oil: ^H NMR 
(300 MHz, CDCy 8 7.12 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.80 (dt, J = 
15.9, 1.4 Hz, IH), 5.48 (dt, J =15.9, 6.0 Hz, IH), 4.10 (d, J = 6.0 Hz, 2H), 3.82 (s, IH), 
3.81 (s, 3H), 3.16 (s, 3H), 1.45 (t, J = 7.2 Hz, 3H), 1.00 (s, 3H), 0.95 (s, 3H). 

20 ii) Oxidation 

To a stirred solution of the alcohol (1.21 g, 4.84 mmol) in anhydrous DMSp : . 
(25 mL) containing triefhylamitie (4.3 mL) was added pyridinium sulfur trioxide 
complex (2.31 g, 14.5 mmol) at rt, and the mixture was stirred for 10 min. at the 
same temperature. The reaction was quenched by adding cold water (15 mL). 
25 Extraction with ethyl ether (3 x 30 mL), followed by drying and concentration 

gave the corresponding aldehyde, which was used wittiout further piuification in 
tiie next step.( 1.03 g, 86% yield) . 
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Hi: Wittig Reaction 

The aldehyde was treated with ethyl (tiiphenylphosphoranylidene)acetate 
in toluene at 70 *^ by a procedure analogous to that described in Example 1, step 
2, to give the title compound 24 in 93% yield: *H NMR (300 MHz, CDCy 5 7.28 
5 (dd, J = 15.3, 10.5 Hz, IH), 7.10 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 6.25 (d, J 
= 15.6 Hz, IH), 6.01 (dd, J = 15.6, 10.5 Hz, IH), 5.76 (d, J = 15.3 Hz, IH), 4.19 (q, J = 
7.2 Hz, 2H), 3.83 (s, IH), 3.81 (s, 3H), 3.15 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.06 (s, 
3H), 0.96(s,3H). 

Step 4: 6.6-Di[nethyl-7-methoxy-7-(4-methoxyphenyl')-2.4-heptadienoic add (25) 

10 Following the procedure described in Example 1, step 3, but substituting 

compotmd 24 for diene ester 3, die title compound 25 was obtained in 95% yield: 
*H NMR (300 MHz, CDCl,) 5 7.38 (dd, J = 15.0, 10.8Hz, IH), 7.10 (d, J = 9.0 Hz, 
2H), 6.84 (d, J = 9.0 Hz, 2H), 6.32 (d, J =15.6Hz, IH), 6.06 (dd, J = 15.6, 10.8 Hz, IH), 
5.78 (d, J = 15.3 Hz, IH), 3.85 (s, IH), 3.81 (s, 3H), 3.16 (s, 3H), 1.08 (s, 3H), 0.98 (s, 

15 3H); ''C NMR (75.4 MHz, CX>Cy 5 22.9, 24.4, 42.2, 55.1, 57.2, 90.6, 113.9, 118.7, 
125.7, 129.4, 130.3, 147.9, 152.4, 159.0, 172.8. 

Step 5: N-Hydroxy-6.6-dimethyl-7-methoxy-7-(4-methoxyphenylV2.4- 
heptadienamide (26) 

Following the procedure described in Example 1, step 4 (Method A), but 
20 substituting compotind 25 for carfooxylic add 4, the title compound 26 was 

obtained as a colorless solid in 63% overall yield: *H NMR (300 MHz, CD,OD) 
5 7.21 (dd, J = 15.3, 10.8 Hz, IH), 7.15 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 
6.25 (d, J = 15.6 Hz, IH), 6.03 (dd, J = 15.6, 10.8 Hz, IH), 5.83 (d, J = 15.3 Hz, IH), 
3.93 (s, IH), 3.80 (s, 3H), 3.17 (s, 3H), 1.09 (s, 3H), 1.00 (s, 3H); NMR (75.4 MHz, 
25 CD3OD) 5 23.7, 24.9, 43.0, 55.6, 57.4, 91.9, 114.0, 119.7, 127.1, 130.6, 131.7, 142.6, 
150.7, 160.6, 166.8. 
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Example 9; 

N-(2-Aminophenyl)-6,6-dimethyl-7-methoxy-7-(4-methoxj^ 
hep^dienamide (27) 

Following the procedure described in Example 6, but substituting 
5 carboxylic add 25 for carboxylic acid 16, the title compound 27 was obtained as a 
Ught yeUow soUd in 67% yield: 'H NMR (300 MHz, CD3OD) 5 7.56 ( br. s, IH), 
7.29 (dd, J = 15.0, 10.8 Hz, IH), 6.72- 7.20 ( m, 8H), 6.20 (d, J = 15.0 Hz, IH), 5.98 
(dd, J = 15.0, 10.8 Hz, IH), 5.90 (d, J = 15.0 Hz, IH), 3.91 (br s, 2H), 3.83 (s, IH), 3.80 
(s, 3H), 3.16(8, 3H), 1.06 (s, 3H), 0.97 (s, 3H); NMR (75.4 MHz, CDO^) 8 23.2, 
10 24.3, 42.1, 55.1, 57.2, 90.6, 112.9, 118.0, 119.4, 121.6, 124.4, 125.2, 125.6, 127.0, 129.4, 
130.5, 140.8, 143.1, 150.3, 158.9, 164.9. 

Example 10; 

N-Hydioxy-6,6^dimethyl-7-methoxy-7-(4-methoxyphenyl)heptanamide (28) 

Step 1: 6,6-Dimethyl-7-methoxy-7-(4-methoxyphenyDheptanoic add 

15 To a solution of carboxylic add 25 (100 mg, 0.345 mmol) in MeOH (6 mL), 

at room temperature was added a solution of Pd/C 10% (50 mg, 1 mL in MeOH). 
The system was then purged with VL^ several times to a final pressure of 50 psi. 
The reaction mixture was stirred for 3 h at room temperature, and then the soUd 
was filtered through a Celite pad in a fritted glass funnel The solvents were 

20 evaporated, and tiie crude material (100 mg, 99%) was pure enough for use in the 
next step: 'H NMR (300 MHz d,-acetone) 5 7.18 (d, J = 8 Hz, 2H), 6.89 (d, J = 8 Hz, ; 
2H),3.85 

(s, IH), 3.78 (s, 3H), 3.11 (s, 3H), 2.30 (br. t, J = 7.5 Hz, 2H), 1.58-1.53 (m, 2H), 1.37- 
1.25 (m, 4H), 0.84 (s, 3H), 0.77 (s, 3H). 

25 Step 2: N-Hydroxy-6,6-dimethyl-7-methoxy-7-(4-methoxyp henynheptana^ 

m 

To a solution of the carboxylic add from step 1 (100 mg, 0.344 mmol), in 
DMF (10 mL) at room temperatvure were added l-(3-dimethylaiiunopropyl)-3- 
ethyl-carbodiimide hydrochloride (EDC, 79 mg, 0.414 mmol) and 1- 
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hydroxybenzotriazole hydrate (HOBt, 70 mg, 0.516 mmol). The mixture was 
stirred for 20 min. at room temperature, and then NHjOTHP (60 mg, 0.516 mmol) 
was added. The resulting mixture was heated overnight at 50 and then 
concentrated. The crude material was dissolved in CH^O^ and washed with a 

5 saturated aqueous solution of NaHCOg. The aqueoiis layer was extracted several 
times with CHjOj and the combined organic extracts were dried over anhydrous 
MgSO^ and concentrated. The crude material was purified by flash 
chromatography using hexane/acetone (7:3) as the solvent mixture. The pure 
protected hydroxamate was then dissolved in MeOH (10 mL), and 10- 

10 camphorsulfonic add (CSA, 40 mg, 0.172 mmol) was added. The mixture was 

stirred for 2 h at room temperature, and then the solvents were evaporated under 
reduced pressure at room temperature to avoid thermal decomposition. The 
crude mixture was purified by flash chromatography vising CH^Cl^/MeOH (9:1) 
as tiie solvent mbcture, giving compoimd 28 as colorless oil (212 mg, 68%): *H 

15 NMR (300 MHz, rf,-acetone) 5 = 7.18 (d, J = 8Hz, 2H), 6.89 (d, J = 8H2, 2H), 3.85 (s, 
IH), 3.79 (s, 3H), 3.11 (s, 3H), 2.11-2.05 (m, 2H), 1.45 (br. s, 2H), 1.34 (br. s, 4H), 
0.83 (s,3H), 0.76 (s,3H). 
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Example 11; 

N-Hydroxy-4,6-dimethyl-7rmethoxy-7-[4-(N,N-dimethylai^ 
heptadienamide (33) 

5 Step 1: 2^Dim ethyl-5-me1hoxy>5-f4-(NrN-^ime%lamin (30) 

Following the procedure described in Example 1, step 1, but substituting 
2-methyH-trimethylsilyloxypenta-l,3-diene (29) {Tetrahedron, 39: 881 (1983)) for 
l-trimethylsilyloxy-l,3-butadiene, the title compotmd 30 was obtained in 68% 
yield as a mixture of two isomers in a ca. 2.5 : 1 ratio: major isomer: NMR 
10 (300 MHz, CDCI3) 5 9.29 (s, IH), 7.08 (d, J = 8.4 Hz, 2H), 6.67 (d, J =8.4 Hz, 2H), 

6.29 (dq, J = 9.9, 1.2 Hz, IH), 3.96 (d, J = 6.6 Hz, IH), 3.20 (s, 3H), 3.05 (m, IH), 2.94 
(s, 6H), 1.60 (d, J = 0.9 Hz, 3H), 1.12 (d, J = 6.9 Hz, 3H). 
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Step 2: Ethvl 4,6-dimethyl-7-methoxy-7-^4r(|y,^fw^ip^Ptt^ylalnmo)phenyl1-2^^ 
heptadienoate ^31'> 

Following tiie procedure described in Example 1, step 2, but substituting 
aldehyde 30 for aldehyde 2 and heating the reaction mixture at reflux in toluene 
5 overnight under N2, Ihe title compound 31 was obtained in 96 % yield as a 

mixture of two isomers in a ca. 2.5 : 1 ratio: major isomer *H NMR (300 MHz, , , 
CDCy 5 7.21 (dd, J = 15.6, 0.9 Hz, IH), 7.06 (d, J = 8.7 Hz, 2H), 6.66 (d, J = 8.7 Hz, 
2H), 5.69 (d, J = I5.6H2, IH), 5.67 (br. d, J = 9.0 Hz, IH), 4.17 (q, J = 7.2 Hz, 2H), 
3.87 (d, J = 6.9H2, IH), 3.18 (s, 3H), 2.93 (s, 6H), 2.81 (m, IH), 1.59 (d, J = 1.2 Hz, 
10 3H),1.27(t,J = 7.2Hz,3H),1.05(d,6.6Hz,3H). 

Step 3: 4.6-Dimethyl-7-methoxy-7-f4r^^.^r-imethylaminophenyn-2.4-heptadienoic 
acid (32) 

Following the procedure described in Example 1, step 3, but substituting 
ester 31 for ester 3, the title compoimd 32 was obtained in 98 % yield: major 
15 isomer 'H NMR (300 MHz, CD3OD) 5 7.21 (d, J = 15.6, 0.6 Hz, IH), 7.04 (d, J = 8.7 
Hz, 2H), 6.70 (d, J = 8.7 Hz, 2H), 5.61 (d, J = 15.6 Hz, IH), 5.60 ( br. d, J =10.0 Hz, 
IH), 3.85 (d, J = 7.5 Hz, IH), 3.13 (s, 3H), 2.87 (s, 6H), 2.81 (m, IH), 1.52 (d, J = 1.5 
Hz, 3H), 1.06 (d, J = 6.6 Hz, 3H). 

Step 4: N-Hydroxy-4.6-dimetiiyl-7-methoxy-7-[4-(N.N-dimethylamino)phenyll- 
20 2.4-heptadienamide (33) 

Following the procedure described in Example 1, step 4 (Mettiod A), but 
substituting compoimd 32 for carboxylic add 4, the title compoimd 33 was 
obtained in 5 % yield, as a mixture of two isomers in a ca. 3 : 1 ratio: major 
isomer 'H NMR (300 MHz, CD3OD) 6 7.23-7.21 (m, 3H), 6.67 (d, J = 8.7 Hz, 2H), 
25 5.70 (d, J = 15.6 Hz, IH), 5.62 (d, J = 102 Hz, IH), 3.90 (d, J = 7.8 Hz, IH), 3.20 (s, ' 
3H), 2.93 (s, 6H), 2.81 (m, IH), 1.58 (br. s, 3H), 1.13 (d, J = 6.6 Hz, 3H). 
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Example 12: 

N-(2-Ammophenyl)'4,6-dimethyl-7-methoxy-7-l4-(N,N-dimeth^ 
2,4-heptadienamide (34) 

Following the procedvire described in Example 6, but substituting 
5 carboxylic acid 32 for carboxylic acid 16, the title compound 34 was obtained in 
61% yield, as a mixture of two isomers in a ca.3 : 1 ratio: major isomer NMR 
(300 MHz, CD3OD) 5 7.28-7.02 (m, 5H), 6.79 (m, 2H), 6.68 (d, J = 8.7 Hz, 2H), 5.83 
(d, J = 15.0 Hz, IH), 5.69 (d, J = 9.6 Hz, IH), 3.87 (d, J = 6.9 Hz, IH), 3.19 (s, 3H), 
2.94 (s, 6H), 2.80 (m, IH), 1.61 (br. s, 3H), 1.07 (d, J = 6.6 Hz, 3H). 

10 Example 13 r 

N-(2-Aminophenyl)-4-methyl-6-[4-(2V,N-dimethylamino)benzoyl]-2,4- 
heptadienamide (35) 

To a stirred solution of compound 34 (85 mg, 0.216 mmol) in wet benzene 
(2 mL, benzene : H^O = 9 : 1) at room temperature was added 2,3-dichloro-5,6- 

15 dicyano-l,4"benzoquinone (DDQ, 98 mg, 0.432 mmol). After being stirred 
vigorously for 15 min., the mixture was diluted with ethyl acetate (30 mL), 
washed with water (2x5 mL), dried (anhydr.MgSOJ, and concentrated. 
Purification by flash silica gel chromatography (50% eihyl acetate in hexanes, and 
then ethyl acetate only) afforded the title compound 35 (6 mg, 7% yield): ^H NMR 

20 (300 MHz, CDCI3) 5 7.83 (d, J = 9.0, 2H), 7.87 (br. s, IH), 7.29 (d, J = 15.6 Hz, IH), 
7.27 (d, 7.8 Hz, IH), 7.00 (m, IH), 6.72 (m, 2H), 6.62 (d, J = 9.0 Hz, 2H), 5.97 (d, J = 
15.6 Hz, IH), 5.97 (d, J = 9.3Hz, IH), 4.34 (dq, J = 9.3, 6.9 Hz, IH), 3.03 (s, 3H), 1.87 
(br. s, 3H), 1.29 (d, J = 6.9 Hz, 3H); ''C NMR (75 MHz, CDCl^ 
5 12.6, 17.6, 39,9, 40.8, 110.7, 118.0, 119.0, 119.3, 123.8, 124.4, 125.1, 126.9, 

25 130.6, 132.5, 140.8, 146.2, 153.4, 164.8, 198.6. 
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Example 14; 

N-HydT0xy-4,6-dimethyl-7-[4-(HN-4imethylainm 
(38) 

5 Step 1: E%14,6-(iime%l-7-[4-(N,N-dime%lammQ)pheny^]-^ 

m 

To a stirred solution of ester compoimd 31 (99 mg, 0.299 mmol) in CH^Clj, 
(3 mL) at 0 was added triethylsilane (41.9 mg, 0.36 mmol) followed by BF3 • 
EtjO (51 mg, 0.36 mmol) dropwise via microsjrringe, and the mixture was stirred 

10 at 0 °C for 30 min. The reaction was quenched with saturated NaHCOg solution (3 
mL), diluted with CH^Qj (20 mL), and washed with water, and the organic phase 
was dried and concentrated. Ptirification by flash silica gel chromatography (10% 
ethyl acetate in hexane) afforded the title compoimd 36 (87 mg, 97% )deld) as a 
yellow oil NMR (300 MHz, CDCy 5 7.29 (dd, J = 15.6, 0.6 Hz, IH), 6.98 (d, J = 

15 8.7 Hz, 2H), 6.64 (d, J = 8.7 Hz, 2H), 5.74 (d, J = 15.6 Hz, IH), 5.73 (br d, J = 10.2 Hz, 
IH), 4.20 ( q, J = 6.9 Hz, 2H), 2.90 ( s, 6H), 2.73 (m, IH), 2.53 (d, J = 7.2 Hz, 2H), 
1.61 (d, J = 0.6 Hz, 3H), 1.29 (t, J = 6.9 Hz, 3H), 1.00 (d, J = 6.6 Hz, 3H); ""C NMR . • 
(75 MHz, CDCg 5 12. 1, 14.3, 20.0, 35.5, 

40.8,42.2, 60.1, 112.7, 115.5, 128.1, 129.7, 131.6, 147.5. 149.0, 149.8, 167.5. 

20 Step 2: 4,6-Dimethyl-7-[4-(N,N-dimethyla]iunolphenyl]-2.4-heptadienoic add (37) 

Following the procedure described in Example 1, step 3, but siibstituting 
compoimd 36 for ester 3, the title compound 37 was obtained in 98 % yield as a 
yellow oil: 'H NMR (300 MHz, CDCI3) 8 7.38 (dd, J = 15.6, 0.6 Hz, IH), 6.98 (d, J = 
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9.0 Hz, 2H), 6.67 (d, J = 9.0 Hz, 2H), 5.79 (br. d, J = 9.6 Hz, IH), 5.73 (d, J = 15.6 Hz, 
IH), 2.91 ( s, 6H), 2.76 (m, IH), 2.57 (d, J = 7.2 Hz, 2H), 1.62 (d, J = 0.6 Hz, 3H), 1.01 
(d, J = 6.6 Hz, 3H); NMR (75MHz, CDCy 
8 12.2, 20.0, 35.7, 40.9, 42.17, 112.9, 114.7, 128.2, 
5 129.7, 131.7, 148.9, 149.1. 152.1, 172.7. 

Step 3: N-Hydroxy-4.6-<iime<hyl-7-[4>(M^7\r-Hi iTipthy1am ino)phenyl1-2.4- 
heptadienamide (38) 

To a stirred solution of carboxylic acid 37 (70 mg, 0.256 mmol) at rt in 
anhydrous DMF (2 mL) was added 1-hydroxybenzotriazole hydrate (41.5 mg, 

10 0.307 mmol) followed by l-(3-dimethylaminopropyl)-3-ettiyl-caibodiimide 

hydrochloride(65 mg, 0.340 mmol). After 1 h, hydroxylamine hydrochloride (89 
mg, 1.28 mmol) and Et^ (0.27 mL, 1.92 mmol) was added, and stirrii^ was 
continued at rt overnight. The solvent was removed in vacuo, and the residue was 
diluted with ethyl acetate (30 mL), and washed with water and saturated NaHCO, 

15 solution (5 mL). After drying and concentration, the crude product was purified 
by flash silica gel chromatography (2-10% methanol in chloroform) to give the 
title compound 38 (30 mg, 41% yield) as a yeUow oil: 'H NMR (300 MHz, CDOj : 
CD3OD = 5:1) 5 7.10 (d, J = 14.4 Hz, IH), 6.88 (d, J = 8.7 Hz, 2H), 6.58 (d, J = 8.7 Hz, 
2H), 5.59 (d, J = 9.3Hz, IH), 5.55 (br. d, J = 14.4 Hz, IH), 178 ( s, 6H), 2.63 (m, 11^, , , 

20 2.40 (d, J = 6.9 Hz, 2H), 1.48 (s, 3H), 0.89 (d, J = 6.6 Hz, 3H); ""C NMR (75 MHz, 
CDCl3:CD30D = 5:l) 

5 11.8, 19.7, 35.3, 40.8, 42.0, 14.3, 20.0, 35.5, 40.8, 42.2, 113.1, 113.7, 128.7, 129.5, 131. 
1, 145.9, 146.3, 148.9, 165.5. 

Example 15; 

25 N-(2-Aminophenyl)-7-[4-(N,N-dimethylamino)phenyl)]-4,6-methyI-2,4- 
heptadienamide (39) 

Following tile procedure described in Example 6, but substituting 
carboxylic add 37 for carboxylic add 16, the titie compound 39 was obtained in 
75% yield: 'H NMR (300 MHz, CDCy 8 7.42 (br. s, IH), 7.32 (d, J = 15.0 Hz, IH), 
30 7.20 (d, J = 7.2H2, IH), 7.04 (t, J = 7.2Hz, IH), 6.98 (d, J = 9.0 Hz, 2H), 6.76 (m, 2H), 
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6.66 (d, J = 9.0 Hz, 2H), 5.85 (d, J = 15.0 Hz, IH), 5.72 (d, J = 9.6 Hz, IH), 3.90 (br. s, 
2H), 2.90 ( s, 6H), 2.75 (m, IH), Z52 (d, J = 7.2 Hz, 2H), 1.61 (d, J = 0.6 Hz, 3H), 1.00 
(d, J = 6.6 Hz, 3H); NMR (75 MHz, CDCy 

5 12.3,20.1,35.6,40.9,42.2, 112.7, 117.5, 118.1, 119.4, 124.6, 125.1, 126.9, 
5 128.2, 129.7, 131.3, 140.8, 147.1, 147.4, 149.0, 165.0. 



1) PhSOsCI 

1. II ,o 



2^ UOH O ^ 



2) UOH 

40: n = 1 5-amfnovateric acid 41: n = 1 THF/H2O 42: nsl 

44: ns2 6-aminocaproic acid 45: ns2 46: ns2 



1. EDC, HOBt 
THPONH2 
DMF 



2.CSAMeOH 

Example 16: 43: n = 1 
Example 17: 47: ns2 




Example 16: 

N-Hydroxy-5-(benzenesidfonylamino)pentanainide (43) 

10 Step 1: Methyl S-aminovalerate (41) 

To a solution of S-aminovaleric add (5 g, 42.68 mmol) in MeOH (100 mL) at 
room temperature was added HCl cone. (37%, 16 mL). The solution was stirred 
for 48 h at room temperature and monitored by HPLC-MS. The resulting solution 
was treated with a saturated aqueous solution of NaHCOg then the solvents were 

15 evaporated under reduced pressure. The aqueous layer was washed several times... 
with CHjOj and AcOEt. The aqueous phase was concentrated to produce a solid 
containing the desired product, NaQ, and NaHCOj. The solid was washed with 
MeOH, and the organic filtrate was concentrated to afford the title compoxmd (36) 
as a white soUd (7.88 g, 100%): NMR (300 MHz, CD3OD) 5 3.34 (s, 3H), 2.61 

20 (br. s, 2H), 2.10-2.06 ( m,2H), 1.39-1.34 (m, 4H); MS (ES) m/z 132.2 (M*). 
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Step 2: 5-flBenzenesiilfonylanuno)pentanoicadd(42) 

To a solution of 41 (3 g, 22.90 mmol), in a solvent mixture of CH^Clj (100 
mL) and IHF (50 mL) at room temperature were added EtgN (7.96 mL, 57.25 
mmol), followed by benzenesulfonyl chloride (6.13 mL, 48.09 mmol). The mixture 

5 was stirred overnight at room temperature and then treated witii a saturated 
aqueous solution of NH^Cl. The phases were separated and the aqueous layer 
was extracted several times with (ZHjCl^. The combined organic extracts were 
dried over (MgSOJ and evaporated tinder reduced pressure giving a mixture of. 
mono- and bis-alkylated products. The residue was dissolved in THF (50 mL) and 

10 water (50 mL), and LiOH was added. The resulting mixture was stirred for 4 h at 
room temperature, and then was treated with IN HQ imtil pH 1. The phases 
were separated and the aqueous layer was extracted several times with AcOEt. 
The combined organic extracts were dried over (MgSO^ and then evaporated 
under reduced pressure, jdelding compound 42 (2.95 g, 48%) as a white powder. 

15 'H NMR (300 MHz, acetone-d,) 8 7.86 (d, J = 7 Hz, 2H), 7.64-7.57 (m, 3H), 6.47 (br. 
s, IH), 2.96-2.89 (m, 2H), 2.27-2.23 (m, 2H), 1.60-1.50 (m, 4H). 

Step 3: N-Hydroxy-5-fbenzenesulf onylamino^pentanamide (43) 

To a solution of 42 (500 mg, 1.95 mmol) in DMF (20 mL) at room 
temperature were added l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

20 hydrochloride (EDC, 448 mg, 2.33 mmol), and 1-hydroxybenzotriazole hydrate 
(HOBT, 395 mg, 2.93 mmol). The mixture was stirred 20 min. at room 
temperature, and then THPONH^ (342 mg, 2.93 mmol) was added. The resulting 
mixture was heated at 50 ®C for 24 h, and then the DMF solvent was evaporated 
under reduced pressure and ttie residue was dissolved in CHjQj and washed 

25 with brine and a saturated aqueous solution of NaHCOj. The combined organic 
extracts were dried over (MgSOJ and then evaporated. The crude compoimd was 
purified by flash chromatography using hexane-acetone (1:1) as the solvent 
mixture. The residue was then dissolved in MeOH (10 mL), and 10- 
camphorsulfonic acid (CSA, 226 mg, 975 mmol) was added. The mixture was 

30 stirred for 2 h at room temperature, and then the solvents were evaporated imder 
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reduced pressure at room temperature to avoid thermal decomposition. The 
crude product was purified by flash chromatography using CH^Clj/MeOH (9:1) 
as solvent mixture giving compound 43 as a yellowish oil (259 mg, 48% isolated): 
NMR: (300 MHz, acetone-d^ 5 9.99 (br. s, IH), 7.87 (br. s, 2H), 7.62 (br. s), 2.90 ' 
(br. s, 2H), 2.05 (br. s, 2H), 1.59-1.49 (m, 4H). 

Example 17: 

N-Hydroxy-6-(benzenesulfonylamino)hexanamide (47) 

Step 1: Methyl 6-aminocaproate (45) 

Compotmd 45 was prepared in 100% yield, using the procedure described 
in Example 16, step 1, but substituting 6-aminocaproic acid for 5-anunovaleric 
add. NMR (300 MHz, CD3OD) 6 3.33 (s, 3H), 2,56-2.51 (m, 2H), 2.06-2.01 (m, 
2H, 1.35-1.28 (m, 4H), 1.10-1.00 (m, 2H); MS (ES) m/z 146.2 (M'). 

Step 2: 6-(benzenesulfonylamino)hexanoic acid (46) 

Compotmd 46 was prepared in 69% yield, using the procedtire described in 
Example 16, step 2, but substituting compound 45 for compound 40. ^H NMR: 
(300 MHz, acetone-d,) 6 7.92-7.85 (m, 2H), 7.61-7.56 (m, 3H), 6.57 (br. s, IH), 6.44 
(br. s, IH), 2.94-2.88 (m, 2H), 2.26-2.21 (m, 2H), 1.55-1.46 (m, 4H), 1.38-1.33 (m, 
2H). 



75 



wo 01/70675 



PCT/roOl/00683 



Example 18: 

N-Hydroxy-S-oxiinino-S^aryloctanamides (51) and N-Hydroxy-7-aroyl- 
heptanamides (52) 



l(CuCN)ZnCH2{CH2)5CX)2Et 
48 



Cy' 



+ Cy-^CI 




NHOH 



51 




NHOH 



THF,O^C 
3h 



EDO. HOBt 
NH20H'HCI(5eq) 



EtaN 



Cy" 








EDO, HOBt 




NH20H-HCI (1.1 eq) 





lEt 



49 



lAfNaOH 
THF-MeOH 




50 



5 Step 1: Preparation of organocopper reagent 48 

To a suspension of zinc foil (3.40 g, 52 mmol) in THF (4 mL) was added 1,2- 
dibromoethane (0.38 g, 2.0 mmol), and the mixture was heated at 65 °C for one 
minute. After cooling to ambient temperature, chlorotrimethylsilane (0.2 mL, 1.6 
mmol) was added and the mixture was stirred for 15 min. To this, a solution of, , 
10 ethyl 7-iodoheptanoate (14.21 g, 50 mmol) in THF (20 mL) was added slowly at 
ambient temperature, and the mixture was heated at 65 for 16 h and then 
cooled to -10 °C A solution of CuCN (3.96 g, 44 mmol) and anhydrous LiCl (3.80 
g, 88 mmol) in THF (44 mL) was added. The resulting solution was stirred at 0 T 
for 10 min and used for the coupling reactions witii add chlorides. 

15 Step 2: Ethyl 7-aroylheptanoates (49) 

Ethyl 7-benzoylheptanoate (49a) 

To a stirred solution of the organocopper reagent 48 (2.0 mmol) in THF (4 
mL) at -25 °C was added benzoyl chloride (253 mg, 0.21 mmol) and the reaction I : 
mixture was warmed to 0 °C over 30miiL After being stirred for additional 3 h at 0 
20 °C, the reaction mixture was quenched with saturated NH^Cl solution and 

extracted with ethyl acetate. The combined orgaiuc extracts were washed with 
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brine, dried and concentrated under reduced pressure. The crude product was 
puriHed by flash silica gel chromatography (10% ethyl acetate in hexanes) to 
afford the title compound (376 mg, 80% yield): *H NMR (300 MHz, CDCI3) 5 7.42 - 
7.97 (m, 5H), 4.12(q, J = 6.9 Hz, 2H), 2.97 (t, J = 7.2 Hz, 2H), 2.30(t J = 7.5 Hz, 2H), 
5 1.74 (m, 2H), 1.65 (m, 2H), 1.39 (m, 4H), 1.25(t, J = 6.9 Hz, 3H); "C NMR (75.4 
MHz, CDCI3) 5 14,19, 24.04, 24.75, 28.90(2), 34.12, 38.39, 60.11, 127.96, 128.49, 
132.84, 136.95, 173.70, 200.29. 

Ethyl 7-(;>-anisoyl)heptanoate f49b) 

Following a procedure analogous to that described above for 49a, but 
10 substituting p-anisoyl chloride for benzoyl chloride, the title compound was 

obtained as a light yellow solid in 59% yield: 'H NMR (300 MHz, CDCI3) 5 7.94 (d, 
J = 9.0 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 4.12 (q, J = 6.9 Hz, 2H), 3.87 (s, 3H), 2.91 (t, 
J = 7.2 Hz, 2H), Z30(t, J = 7.5 Hz, 2H), 1.74 (m, 2H), 1.65 (m, 2H), 1.39 (nv 4H), 1.25 
(t, J = 6.9 Hz, 3H); NMR (75.4 MHz, CDO,) 6 14.19, 
15 24.29. 24.75, 28.91, 28.96, 34.21, 38.06, 55.37, 60.10, 113.58, 
130.02, 130.21, 163.23, 173.71, 198.93. 

Ethyl 7-f4-rtrifluoromethynbenzoynheptanoate (49c^ 

Following a procedttre analogous to tiiat described above for 49a, but 
substituting p-(trifluoromelhyl)benzoyl chloride for benzoyl chloride, the title 
20 compoimd was obtained as a white solid in 67% yield: *H NMR (300 MHz, 

CDCI3) 5 8.06 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 8.1 Hz, 2H), 4.13 (q, J = 6.9Hz, 2H), 
3.01 (t, J = 7.2 Hz, 2H), 2.31 (t, J = 7.2 Hz, 2H), 1.76 (m, 2H), 1.66 (m, 2H), 1.41 (m, 
4H), 1.25(t, J = 6.9 Hz, 3H); ""C NMR (75.4 MHz, CDCI3) 

5 14.00, 23.63, 24.56, 28.66, 28.71, 33.98, 38.48, 59.93, 123.46 (q, ]„ = 272 Hz), 125.42 
25 (q, Jcp = 3.7Hz), 128.15, 133.93 (q, J„ = 33.5 Hz), 139.52, 173.42, 198.91. 

Etiiyl 7-f4-bromobenzoyDheptanoate (49d) 

Following a procedure analogous to that described above for 49a, but 
substituting p-bromobenzoyl chloride for benzoyl chloride, the title compound 
was obtained as a white solid in 70% yield: 'H NMR (300 MHz, CDCQ: 5 7.80 (1, 

77 



wo 01/70675 



PCT/IBOl/00683 



J = 8.7 Hz, 2H), 7.59 (d, J = 8.7 Hz, 2H), 4.12 (q, J = 6.9 Hz, 2H), 2.92 (t, J = 7.2 Hz, 
2H ), 2.30 (t, J = 7.5 Hz, 2H), 1.73 (m, 2H), 1.64 (m, 2H), 1.38 (m,4H), 1.25 (t, J = 6.9 
Hz, 3H); '^C NMR (75.4 MHz, CDCy 5 14.21, 23.95, 24.73, 28.87(2), 34.21, 38.37, 
60.14, 127.98, 129.53, 131.82,135.69,173.66, 199.18. 

5 Ethyl 7-f2-acetoxybenzoynhfiptanoate f49e) 

Following a proceduie analogous to tiiat described above for 49a, but 
substituting o-acetoxybenzoyl chloride for boizoyl chloride, the title compound 
was obtained as a colorless oil in 58% yield: 'H NMR (300 MHz, CDCy 5 7.76 
(dd, J = 8.4, 1.5 Hz, IH), 7.51 (m, IH), 7.31 (m, IH), 7.10 (dd, J = 7.8, 1.2 Hz, IH), 
10 4.12(q, J = 6.9 Hz, 2H), 2.87 (t, J = 7.2 Hz, 2H ), 2.33 (s, 3H), 2.29 (t, J = 7.5 Hz, 2H), 
1.65 (m, 4H), 1.36 (m, 4H), 1.25(t, J = 6.9 Hz, 3H); NMR (75.4 MHz, CDCl,) 
8 14.20, 21.07, 23.79, 24.73, 28.79, 28.87, 34.20, 

40.18, 60.12, 123.77, 125.95, 129.60, 130.98,132.95, 148.74, 169.44, 173.66, 200.21. 

Ethyl 7-(l-naphthoyl1heptanoate f49f) . 

15 Following a procedure analogovis to that described above for 49a, but ^ 

substituting l-naphtiioyl chloride for benzoyl chloride, the title compound was 
obtained as a white solid in 58% yield: 'H NMR (300 MHz, CDOj) 6 8.56 (d, J = 
8.7 Hz, IH), 7.42-7.92 (m, 6H), 4.10 (q, J = 6.9 Hz, 2H), 2.98 (m, 2H), 2.26(t, J = 7.5 
Hz, 2H), 1.75 (m, 2H), 1.62 (m, ZH), 1.36 (m, 4H), 1.22 (t, J = 6.9 Hz, 3H); ""C NMR 

20 (75.4 MHz, CDCI3) 

6 14.02, 24.23, 24.55, 28.70(2), 33.98,41.79, 59.89,124.12, 125.51, 126.12, 126.99, 
127.51, 128.14, 129.87, 132.06, 133.69, 136.00, 173.39,204.44. 

Ethyl 7-(2-naphthoyl)heptanoate (49g ) 

Following a procedure analogotis to that described above for 49a, but . 
25 substituting 2-naphthoyl chloride for benzoyl chloride, ttve title compoimd was 
obtained as a white soUd in 54% yield: 'H NMR (300 MHz, CDCI3): 8 8.47 (s, IH), 
7.86-8.05 (nv 4H), 7.51-7.62 (m, 2H), 4.12 (q, J = 6.9 Hz, 2H), 3.10 (t, J = 7.5 Hz, 2H), 
2.31 (t, J = 7.5 Hz, 2H), 1.80 (m, 2H), 1.62 (m, 2H), 1.41 (m, 4H), 1.25 (t, J = 6.9 Hz, 
3H). 
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Ethyl 7-(4-biphenyncaTbonylhfiptanoate (49h\ 

Following a procedure analogoiis to that described above for 49a, but 
substituting 4-biphenylcarbonyl chloride for benzoyl chloride, the title compound 
was obtained as a white solid in 41% yield: *H NMR (300 MHz, CDCI3) 6 8.01 (d, J 
5 = 7.2 Hz, 2H), 7.39-7.69 (m, 7H), 4.12 (q, J = 6.9 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 
2.30(t, J = 7.5 Hz, 2H), 1.76 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H), 1.25 (t, J = 7.2 Hz, 
3H). 

Ethyl 7-f2-furanoyl)heptanoate (49i) 

Following a procedure analogous to that described above for 49a, but 
10 substituting 2-furanoyl chloride, the title compound was obtained in 71% yield: 
*H NMR (300 MHz, CDQ,) 5 7.59 (d, J = 1.8 Hz, IH), 7.19 (d, J = 3.3 Hz, IH), 6.54 
(dd, J = 3.3, 1.8 Hz), 4.12 (q, J = 6.9 Hz, 2H), 2.82 (t, J = 75 Hz, 2H), 2.30 (t, J = 7.5 
Hz, 2H), 1.72 (m, 2H), 1.64 (m, 2H), 1.38 (m, 4H), 1.25 (t, J = 6.9 Hz, 3H); NMR 
(75.4 MHz, CDCy 6 14.07, 23.87, 24.58, 28.68, 28.72, 34.05, 38.14, 59.98, 
15 111.97, 116.68, 146.05, 152.60, 173.52, 189.39. 

Ethyl 7-f3-furanoyl)heptanoate (49j) 

Following a procedure analogous to tiiat described above for 49a, but 
substituting 3-furanoyl chloride for benzoyl chloride, the title compovmd was 
obtained as a yeUow oil in 24% yield: *H NMR (300 MHz, CDCI3) 5 8.03 (m, IH), 
20 7.44 (m, IH), 6.76 (m, IH), 4.12 (q, J = 6.9 Hz, 2H), 2.74 (t, J = 7.5 Hz, 2H), 2.29 (t, J 
= 7.5 Hz, 2H), 1.71 (m, 2H), 1.63 (m, 2H), 1.37 (m, 4H), 1.25 (t, J = 6.9 Hz, 3H); "C 
NMR (75.4 MHz, 0X3,) 

8 14.18, 24.04, 24.69, 28.82(2), 34.18, 40.23, 60.13, 108.56, 127.69, 144.09, 
146.98, 173.68, 195.10. 

25 Ethyl 7-(2-tfaiophenekarbonylheptanoate ^49k) 

Following a procedure analogous to that described above for 49a, but 
substituting 2-11uophenecarbonyl chloride for benzoyl chloride, the title 
compovmd was obtained as a colorless oil in 66% yield: 'H NMR (300 MHz, 
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CDCg 5 7.70 (dd, J = 3.9, 1.2 Hz,lH), 7.62 (dd, J = 4.8, 1.2 Hz, IH), 7.13 (dd, J = 48, 
3.9Hz), 4.12(q, J = 7.2Hz, 2H), 2.90 (t, J = 7.2 Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 1.75 
(m, 2H), 1.64 (m, 2H), 139 (m, 4H), 1.25 (t, J = 7.2 Hz, 3H); NMR (75.4 MHz, 
CDCy 8 14.23, 24.48, 24.75, 
5 28.87, 28.90, 34.24, 39.23, 60.17, 128.01, 131.65, 133.34, 144.42, 173.73, 193.31. 

Ethyl 7-(2-benzofuran)caTbonylheptanoate (491) 

Following a procedure analogotis to that desaibed above for 49a, but 
substituting 2-benzofurancarbonyl chloiide for benzoyl chloride, the title 
compound was obtained in 45% yield: 'H NMR (300 MHz, CDCI3) 8 7.15-7.65 (m, 
10 5H), 4.02 (q, J = 7.2 Hz, 2H), Z83 (t, J = 7.2 Hz, 2H), 2.20(t, J = 7.5 Hz, 2H), 1.70 (m, 
2H), 1.54 (m, 2H), 1.30 (m, 4H), 1.15 (t, J = 7.2 Hz, 3H). 

Ethyl 7-('2-benzothiophene')carbonylheptanoate (49m) 

Following a procedvire analogous to that described above for 49a, but 
substituting 2-beivzothiophenecarbonyl chloride for benzoyl chloride, the title 
15 compound was obtained in 44% yield: *H NMR (300 MHz, CDCy 8 7.87 

(s, IH), 7.79 (m, 2H), 7.35 (m, 2H), 4.05 (q, J = 7.2 Hz, 2H), Z90 (t> J = 7.2 Hz, 2H), 
2.23 (t, J = 7.5 Hz, 2H), 1.70 (m, 2H), 1.57 (m, 2H), 1.30 (m, 4H), 1.19 (t, J = 7.2 Hz, 
3H). 

Step 3: 7-Aroylheptanoicacid8f50a-m^ 

20 7-(2-Benzoyl)heptanoic add (SOa) 

To a stirred solution of 49a (610 mg, 2.3 mmol) in THF (3.5 mL) and MeOH 
(3.5 mL) at ambient temperature was added INNaOH (3.5 mL, 3.5 mmol), and 
the mixtiire was stirred for 2 h. After removal of organic solvents, the resulting 
aqueous solution was acidified with IN HQ and then extracted with ethyl acetate. 
25 The combined organic layers were dried, concentrated under reduced pressture to 
give flie crude product. Purification by flash silica gel chromatography (7% 
MeOH in chloroform) afforded the title compound (511 mg, 94% yield) as a white 
solid: 'H NMR (300 MHz, CDCI3) 8 7.96 (d, J = 6.9 Hz, 2H), 7.41-7.61 (m, 3H), 2.97 
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(t, J = 7.5 Hz, 2H), Z36 (t, J = 7.5 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.40 (m, 4H); 

NMR (75.4 MHz, CDCy 8 24.01, 24.43, 28.80, 28.86, 33.92, 38.37, 127.98, 
128.50, 132.88, 136.91, 179.95, 200.44. 

7-(p-Aiusoyl)heptanoic acid (SOh) 

5 Following a procedtue described above in 50a, but stibstituting ester 49b 

for ester 49a, the title compound was obtained as a white solid in 51% yield: *H 
NMR (300 MHz, CDCI3) 5 7.94 (d, J = 9.0 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 3.86 (s, 
3H), 2.91(t, J = 7.5 Hz, 2H), 2.36(t, J = 7.5 Hz, 2H), 1.73 (m, 2H), 1.65 (m,.2H), 1.40 
(m, 4H); "^C NMR (75.4 MHz, CDCI3) 

10 6 24.25, 24.40, 28.76, 28.86, 33.83, 37.99, 55.33, 1 13.58, 129.93, 
130.24, 163.26, 179.40, 199.22. 

7-r4-Trifluoromethylbenzoyl'>heptanoic acid (SOc) 

Following a procedtire described above in 50a, but substituting ester 49c 
for ester 49a, the title compound was obtained as a white solid in 68% 3deld: *H 
15 NMR (300 MHz, CX)Cy 8 8.06(d, J = 8.1 Hz, 2H), 7.73 (d, J = 8,1 Hz, 2H), 3.00(t, J = 
7.5 Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 1.76(m, 2H), 1.67 (m, 2H), 1.42 (m, 4H); "C 
NMR (75.4 MHz, CDCy 5 23.75, 24.39, 28.78(2), 33.90, 38.67, 123.69(q, J^, = 272 
Hz), 125.62(q, Jc, = 3.7Hz), 128.33, 134.21(q, J„ = 32.6Hz), 139.59, 180.07, 199.28. 

7-f4-Bromobenzoyl)heptanoic add (50d) 

20 Following a procedure described above in 50a, but substituting ester 49d 

for ester 49a, the title compotmd was obtained as a white solid in 91% yield: *H 
NMR (300 MHz, CDCI3) 8 7.81 (d, J = 9.0 Hz, 2H), 7.60 (d, J = 9.0 Hz, 2H), 2.93 (t, J 
= 7.5 Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 1.74(m, 2H), 1.66(m, 2H), 1.40(m, 4H); "C 
NMR (75.4 MHz, CDCy 8 23.92, 24.43, 28.80, 28.84, 33.87, 38.35, 128.04, 

25 129.56, 131. 85, 135.69, 179.74, 199.26. 

7-f2-Acetoxybenzoyl)heptanoic add (SOe) 

Following a procedure described above in 50a, but substituting ester 49e 
for ester 49a and using 2.5 equivalent of IN NaOH, the titie compound was 
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obtained as a white solid in 94% yield: 'H NMR (300 MHz, CDCI3): 
8 12.39 (s, IH), 10.65 (br s, IH), 7.75 (dd, J = 8.1, 1.5 Hz, IH), 7.45 {m, IH), 6.98 (dd, 
J = 8.4, 0.9 Hz, IH), 6.89 (m, IH), 2.98 (t, J = 7.5 Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 
1.76 (m, 2H), 1.66 (m, 2H), 1.41 (m, 4H); "C NMR (75.4 MHz, CDCI3) 
5 8 24.13, 24.39, 28.75, 28.18, 33.90, 38.08, 118.47, 118.81, 119.25, 
129.90, 136.18, 162.42, 180.04,206.67. 

7-Q-Naphtfioyl)heptanoic add (50f) 

Following a procedure described above in 50a, but substituting ester 49f for 
ester 49a, the title compound was obtained as a white solid in 97% yield: *H NMR 
10 (300 MHz, CDCI3): 5 8.53 (d, J = 8.7Hz, IH), 7.95(d, J = 8.1Hz, IH), 7.80-7.87 (m, 
2H), 7.44-7.60 (m, 3H), 3.03 (t, J = 7.5 Hz, 2H), 2.34(t, J = 7.5Hz, 2H), 1.79(m, 2H), 
1.64(m, 2H), 1.41(in, 4H). NMR (75.4 MHz, CDO,): 5 24.42(2), 28.80, 28.87, 
33.92, 42.05, 124.31, 125.68, 126.35, 127.13, 127.75, 128.34, 130.05, 132.29, 133.90, 
136.27, 180.05, 204.87. 

15 7-(2-Naphthoyl)heptanoic add fSOg) 

Following a procedure described above in 50a, but substituting ester 49g 
for ester 49a, the titie compound was obtained as a white solid in 78% 3deld: *H 
NMR (300 MHz, CDCy 8 8.47 (s, IH), 7.85-8.05 (m, 4H), 7.57 (m, 2H), 3.10 (t, J = 
7.5 Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 1.80 (m, 2H), 1.67 (m, 2H), 1.43 (m, 4H); "^C 
20 NMR (75.4 MHz, CDCI3) 5 24:20, 24.48, 28.27, 28.95, 33.92, 38.48, 123.89, 126.69, 
127.73, 128.33, 128.39, 129.52, 129.60, 132.51, 134.30, 135.50, 179.85,200.36. 

7-(4-BiphenyDcarbonylheptanoic add (50h) 

Following a procedure described above in 50a, but substituting ester 49h 
for ester 49a, the title compound was obtained as a white solid in 93% yield: 'H 
25 NMR (300 MHz, CDCy: 8 8.02 (d, J = 9.0 Hz, 2H), 7.26-7.61 (m, 7H), 3.00 (t, J = 7.5 
Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.42 (m, 4H). 
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7-(2-Furanoyl)heptanoic add ^50i) 

Following a procedtire described above in 50a, but substituting ester 49i for 
ester 49a, the title compound was obtained as a white solid in 88% yield: *H NMR 
(300 MHz, CDCI3) 5 1 1.4 (br s, IH), 7.54 (d, J = 0.9 Hz, IH), 7.15 (dd, J = 3.6, 0.9 Hz, 
5 IH), 6.49 (d, J =3.6 Hz, IH), 2.78 (t, J = 7.5 Hz, 2H), 2.31 (t, J = 7.5 Hz, 2H), 1.65 (m, 
2H), 1.59 (m, 2H), 1.35 (m, 4H); NMR (75.4 MHz, CDCy 6 23.91, 24.32, 28.64, 
28.73, 33.84, 38.16, 112.05, 116.89, 146.18, 152.61, 179.81, 189.64. 

7-(3-FuranoyDheptanoic add (50j) 

Following a procedvire described above in 50a, but substituting ester 49j for 
10 ester 49a, the titie compound was obtained as a white solid in 63% yield: 'H NMR. 
(300 MHz, CDCy 5 8.03 (br s, IH), 7.43 (m, IH), 6.77 (d, J = 1.8 Hz, IH), 2.74 (t, J = 
' 7.5 Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.65 (m, 2H), 1.38 (m,4H); 
NMR (75.4 MHz, CDCI3) 8 24.02, 24.39, 28.74, 28.80, 33.88, 40.21, 108.58, 127.68, 
144.12, 147.06, 179.84, 195.26. 

15 7-f2-Thiophenekarbonylheptanoig add fSOk) 

Following a procedtire described above in 50a, but stibstituting ester 49k 
for ester 49a, the title compound was obtained as a white solid in 77% yield: 'H 
NMR (300 MHz, CDCI3) 5 7.71 (dd, J = 3.6, 0.9 Hz, IH), 7.62 (m, IH), 712 (m, IH), 
2.90 (t, J = 7.5 Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 1.75 (m, 2H), 1.65 (m, 2H), 1.40 (m, 
20 4H); "C NMR (75.4 MHz, CDCI3) : 5 24.31, 24.34, 28.64, 28.72, 33.83, 39.05, 127.96, 
131.72, 133.37, 144.20, 179.92, 193.35. 

7-(2-Benzofuran)carbonylheptanoic add C501) 

Following a procedure described above in 50a, but substituting ester 491 for 
ester 49a, the titie compound was obtained as a white solid in 84% yield: *H NMR 
25 (300 MHz, acetone-d^ 5 10.6 (br s, IH), 7.25-7.80 (m, 5H), 3.00 (t, J = 7.5 Hz, 2H), 
2.24 (t, J = 7.5 Hz, 2H), 1.60-1.80 (m, 4H), 1.40 (m, 4H). 
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7-(2-Benzothiophene)carbonylheptanoic add (50m) 

Following a procedure described above in 50a, but substituting ester 49m 
for ester 49a, the title compound was obtained as a white solid in 90% 3deld: *H 
NMR (300 MHz, acetone-dj 6 10.5(br s, IH), 7.40-8.25 (m, 5H), 3.10 (t, J = 7.5 Hz, 
5 2H), 2.14 (t, J = 7.5 Hz, 2H), 1.50-1.80 (m, 4H), 1.40 (m, 4H). 

Step 4: N-Hydroxy-8-oximino-8-aryloctanamides (51) and N-Hydroxy-7-aroyl- 
heptanamides (52a-m) 

N-Hydroxy-S-oximino-S-phenyloctanamide (51a) 

Following the procedure described in Example 14, step 3, but substituting 
10 carboxylic add 50a for 37, the title compovmd was obtained as light yellow oil in 
54% yield: 'H NMR (300 MHz, CD3OD/CDCI3 = 5/1) 5 7.55 (m, 2EI), 7.36 (m, 3H), 
2.79 (t, J = 7.5 Hz, 2H), 2.07 (t, J = 7.5 Hz, 2H), 1.56 (m, 4H), 1.35 (m, 4H); "C NMR 
(75.4 MHz, CD,OD /CDCI3 = 5/1) 

6 25.09. 25.78, 25.92, 28.43, 28.95, 32.55,126.12, 128.21, 128.75, 135.85, 
15 159.52, 171.25. 

N-Hydroxy-8-(£)-oxiinino-8-(4rbiphenyl)octanamide (E-51h) and N-Hydroxy-8- 
(ZWoximino-8-(4-biphenynoctanamide (Z-51h) 

Following the procediue described in Example 14, step 3, but substituting 
carboxylic add 50h for 37 tiie title compound 51h was obtained as a white solid in 
20 45% yield, along with 52h (19%). Data for 51h: 'H NMR (300 MHz, 

CD3OD/CDCI3 = 5/1) 5 7.25-7.67(m, 9H), 7.36 (m, 3H), 2.82 (t, J = 7.5 Hz, 2H), 2.06 
(br t, J = 6.9 Hz, 2H), 1.59 (m, 4H), 1.37 (m, 4H); ''C NMR (75.4 MHz, CDCI3 
/CDCI3 = 5/1) 5 25.13, 25.78, 25.88, 28.47, 

29.00, 32.58,126.51, 126.72, 126.85, 127.33, 128.59, 134.72, 140.14, 141.47, 
25 159.17, 171.24. Data for 52h: 'H NMR (300 MHz, CD,OD/CDa, = 5/1) 6 7.35-7.68 
(m, 9H), 2.83 (t, J = 7.8 Hz, 2H), 2.29(t, J =7.5 Hz, 2H), 1.62 (m, 2H), 1.60 (m, 2H), 
1.40 (m, 4H); NMR (75.4 MHz, CDCH, /CDCl, = 5/1) 5 24.55, 25.92, 28.58(2), 
29.29, 33.79, 126.52, 126.75, 126.86, 127.31, 128.58, 134.76, 140.17, 141.46, 159^0, 
176.54. 
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N-Hydroxy-8-oximino-8-f2-furanyl)octanamide (SU) and N-hydroxy-7-(2- 
furanoyDheptaramidp (Uli') 

Following die procedtire described in Example 14, step 3, but substituting 
carboxylic add 5Qi for 37, tiie title compoiind 511 was obtained as a 6:4 mixture of 

5 E- and Z-isomeis in 26% yield, along with 521 (11%). Data for 51i: *H NMR (300 
MHz, CD3OD/CDCI, = 5/1) 8 6.31-7.35 (m, 3H), 2.50 (m, 2H), 1.98 (m, 2H), 1.47 
(m, 4H), 1.24 (m, 4H). Data for 521 : *H NMR (300 MHz, CD3QD/CDCI3 = 5/1) 
5 7.61 (d, J = 1.2 Hz, IH), 7.21 (d, J = 3.3 Hz, IH), 6.55 (dd, J = 3.3, 1.2 Hz, IH), 2.82 
(t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.5 Hz, 2H), 1.60-1.72 (m, 4H), 1.36 (m, 4H); "C NMR 

10 (75.4 MHz, CD3OD /CDCI3 = 5/1) 8 23.84, 25.00, 28.49(2), 32.47, 37.98, 112.08, 
117.45, 146.53, 152.27, 171.09, 190.25. 

N-hydroxy-7-benzoylheptanamide (52a) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 50a for 37 and using 1.1 eqmvalent of NHjOH • HQ and 
15 triethylamine each, the titie compound was obtained as light yellow solid in 46% 
yield: 'H NMR (300 MHz, CD3OD/CDCI, = 5/1): 8 7.95 (d, J = 7.2 Hz, 2H), 7.57 
(m, IH), 7.47 (m, 2H), 2.98 (t, J = 7.5 Hz, 2H), 2.13 (m, 2H), 1.72 (m, 2H), 1.64 (m, 
2H), 1.38 (m, 4H); "C NMR (75.4 MHz, CD3OD/CDCI3 = 5/1) 
8 23.77, 24.98, 28.49(2), 32.49, 38.13, 127.73, 128.29, 132.86, 136.46, 171.23, 201.16. 

20 N-hydroxy-7-(p-anisoyl)heptanamide (52b) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 50b for 37 and using 1.1 equivalent of NH^OH • HO. and 
triethylamine eadv the tide compoimd was obtained as light yellow solid in 48% 
yield: *H NMR (300 MHz, CD,OD/CDCl3 = 5/1) 8 7.94 (d, J = 9.0 Hz, 2H), 6.95 (d, 
25 J = 9.0 Hz, 2H), 3.88 (s, 3H), 2.93 (t, J = 7.2 Hz, 2H), 2.11 (t, J = 7.5 Hz, 2H), 1.59- 
1.79(m, 4H), 1.37 (m, 4H); ''C NMR (75.4 MHz, CD3OD/CDCI, = 5/1) 
8 24.15, 25.04. 28.59(2), 32.51, 37.88, 55.21, 113.54, 129.58, 130.20, 163.39, 171.10, 
200.06. 
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N-hydroxy-7-(4-trifluoromethylbenzoyDhept anaimdef52c^ 

Following the procedure described in Example 14, step 3, but substituting 
carboTcylic add 50c for 37 and using 1.1 equivalent of NHjOH • HQ and 
triethylamine each, the title compound was obtained as light yellow solid in 35% 
5 yield: 'H NMR (300 MHz, CD3OD/CDCI3 = 5/1) 6 8.07 (d, J = 8.4 Hz, 2H), 7.74 (d, 
J = 8.4 Hz, 2H), 3.02 (t, J = 7.5 Hz, 2H), 2.12 (t, J = 7.5 Hz, 2H), 1.75 (m, 2H), 1.65 
(m, 2H), 1.40 (m, 4H); "C NMR (75.4 MHz, CD3OD/CDCI3 = 5/1) 
6 23.57, 25.03, 28.51, 28.59, 32.50, 38.50, 123.37(q, 1^, = 273 Hz),125.43 (q, = 3.7 
Hz), 128.18, 134.09 (q, J„ = 32.6 Hz), 139.32, 171.15, 199.93. 

10 N-hydroxy-7-r4-bromo benzoynheptanamide(52d^ 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 50d for 37 and using 1.1 equivalent of NH^OH • HQ and 
triethylamine each, the title compotmd was obtained as light yellow solid in 31% 
yield: *H NMR (300 MHz, CD3OD/CDCI, = 5/1) 8 7.82 (d, J = 7.5 Hz, 2H), 7.62 (d, 
15 J = 7.5 Hz, 2H), Z95 (t, J = 7.2 Hz, 2H), 2.11 (m, 2H), 1.55-1.79 (m, 4H), 1.38 (m, 
4H). 

N-hydroxy-7-(2-aceto?ybenzoyDheptanamide(52e) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 50e for 37 and tising 1.1 equivalent of NHjOH • HCl and 

20 triethylamine each, title title compound was obtained as light yellow solid in 43% 
yield: 'H NMR (300 MHz, CD3OD/CDCI3 = 5/1) 5 7.78 (dd, J = 8.1, 1.2 Hz, IH), 
7.47 (m, IH), 6.96 (dd, J = 8.4, 1.2 Hz, IH), 6.91 (m, IH), 3.00 (t, J = 7.2 Hz, 2H), Z12 
(t, J = 7.5 Hz, 2H), 1J9-1.79 (m, 4H), 1.40 (m, 4H); "C NMR (75.4 MHz, 
CDjOD/CDOj = 5/1) 5 23.97, 3251, 37.94, 118.02, 118.84, 119.01, 129.86, 136.09, 

25 161.76,171.15,206.79. 

N-hydroxy-7-(l-naphtftoyl)heptanamide (52^ 

Following the procedtu% described in Example 14, step 3, but substituting 
carboxylic add 50f for 37 and iising 1.1 equivalent of NH^OH • HQ and 
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trielhylainine each, tiie title compound was obtained as lig^t yellow solid in 58% 
yield: 'H NMR (300 MHz, CD3OD/CDCI, = 5/1) 8 8.50 (d, J = 8.1 Hz, IH), 7.40- 
7.90 (m, 6H), 2.93(t, J = 7.5 Hz, 2H), 2.12 (m, 2H), 1.69 (m, 2H), 1.59 (m, 2H), 1.30 
(m, 4H); ''C NMR (75.4 MHz, CD,0D/CDC1, = 5/1) 8 24.27, 25.08, 28.63(2), 32.65, 
5 41.88, 124.29, 125.53, 126.27, 127.33, 127.70, 128.30, 129.91, 132.32, 133.77, 135.91, 
171.87,205.28. 

N-hydroxy-7-(2-naphtiioyl)heptanamide (52g ) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 50g for 37 and using 1.1 equivalent of NH^OH • HQ and 
10 triethylamine each, the title compound was obtained as light yellow solid in 31% 
yield: 'H NMR (300 MHz, CD3OD/CDCI3 = 5/1) 8 8.47 (s, IH), 7.53-8.01 (m, 6H), 
3.10 (t, J = 7.5 Hz, 2H), 2.12 (m, 2H), 1.78 (m, 2H), 1.66 (m, 2H), 1.42 (m, 4H); ""C 
NMR (75.4 MHz, CDjOD/aXa, = 5/1) 8 24.01, 25.07, 28.62(2), 32.54, 38.27, 123.47, 
126.56, 127.48, 128.22, 128.28, 129.03, 129.60, 132.27, 133.86, 135.37, 171.19, 201.18. 

15 N-hydroxy-7-f3-furanoyDheptanamide (52]) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 50j for 37 and using 1.1 equivalent of NHjOH • HQ and 
triethylamine each, the title compotmd was obtained as light yellow solid in 33% 
yield: 'H NMR (300 MHz, CD3OD/CDCI, = 5/1) 8 8.09 (br s, IH), 7.46 (m, IH), 
20 6.75 (m, IH), 2.76 (t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.5 Hz, 2H), 1.60-1.72 (m, 4H), 1.36 
(m, 4H); NMR (75.4 MHz, CD3OD/CDCI3 = 5/1) 8 23.90, 24.99, 28.45(2), 32.48, 
39.98, 108.19, 127.37, 144.15, 147.43, 171.08, 196.21. 

N-hydroxy-7-(2-thiophenekarbonylheptanamide(52k) 

Following the procedure described in Example 14, step 3, but substituting 
25 carboxylic add 50k for 37 and using 1.1 equivalent of NH^OH • HQ. and 

triethylamine eadv the title compound was obtained as light yellow solid in 56% 
yield: *H NMR (300 MHz, CD3OD/CDCI3 = 5/1) 8 7.76 (d, J = Z7 Hz, IH), 7.68 (d 
J =4.5 Hz, IH), 7.16 (m, IH), 2.92(t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.5 Hz, 2H), 1.74 (m, 
2H), 1.64 (m, 2H), 1.36 (m, 4H). 
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N"hydroxy-7-f2-benzofurankarbonylheptanainide (521) 

Following the procedure described in Example 14, step 3, but substituting 
carbojqrlic add 501 for 37 and using 1.1 equivalent of NHjOH • HQ and 
triethylamine each, the title compound was obtained as light yellow solid in 20% 
5 yield: NMR (300 MHz, acetone-d,) 5 7.35-7.85 (m, 5H), 2.99 (t, J = 7.5 Hz, 2H), 
2.10(t, J = 7.5 Hz, 2H), 1.50-1.80 (m, 4H), 1.36 (m, 4H). 

N-hydroxy-7-f2-benzothiophenekarbonylheptanamide (52m) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 50m for 37 and using 1.1 equivalent of NH^OH • HCl and 
10 triethylamine each, the title compoimd was obtained as light yellow solid ui 31% 
yield: NMR (300 MHz, CD3OD/CDCI3 = 5/1) 6 8.23 (s, IH), 8.00 (m, 2H), 7.49 
(m, 2H), 3.05 (t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.5 Hz, 2H), 1.50-1.80 (m, 4H), 1.40 (m, 
4H). 

Example 19; 

15 N-(2-Aminophenyl)-7-aroylheptanamides (53) 




N-(2-AminophenylV7-benzoylheptanamide f53a) 

Following the procedure described in Example 6, but substituting 
carboxylic add 50a for 16, the title compoimd was obtained in 23% yield: ^H 
20 NMR (300 MHz, CDCI3) 5 7.93 (d, J = 8.4 Hz, 2H), 7.82 (br s, IH), 670-755 (m, 7H), 
3.90 (br s, 2H), 2.94 (t, J = 7.5 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 1.60-1.80 (m, 4H), 
1.43 (m, 4H); ''C NMR (75.4 MHz, CDCI3) 

523.94, 25.47, 28.79, 28.87, 36.49, 38.29, 117.78, 119.01, 124.16, 125.36, 
126.89, 127.90, 128.45, 132.87, 136.80, 140.88, 172.07,200.52. 
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N-f2-Aminophenyn-7-rp-amsoyl)heptanamide(53b^ 

Following the procedure described in Example 6, but substituting 
carboxylic add 50b for 16, the title compound was obtained in 40% yield: *H 
NMR (300 MHz, CDCy 6 7.94 (d, J = 8.7 Hz, 2H), 7.35 (br s, IH), 7.19 (m, IH), 7.05 
5 (m, IH), 6.92 (d, J = 8.7 Hz, 2H), 6.70-6.80 (m, 2H), 3.86 (s, 3H), 3.85 (br s, 2H), 2.92 
(t, J = 7.5 Hz, 2H), 2.40 (t, J = 7.5 Hz, 2H), 1.65-1.80 (m, 4H), 1.43 (m, 4H); "'C NMR 
(75.4 MHz, CDO;) 8 24.23, 

25.56, 28.88, 28.92, 37.00, 38.03, 55.43, 113.67, 118.13, 119.43, 124.37, 125.18, 127.05, 
130.06, 130.29, 140.78, 163.34, 171.82, 199.J3. 

10 N-(2-AminophenylV7-a-naphthoyDheptanamide(53f) 

Following the procedure described in Example 6, but substituting 
carbojqrlic add 50f for 16, the title compound was obtained in 60% 5rield: 'H NMR 
(300 MHz, CDCy 5 8.53 (d, J = 7.8 Hz, IH), 8.05 (br s, IH), 7.89 (d, J = 8.4 Hz, IH), 
6.60-7.82 (m, 9H), 3.69 (br s, 2H), 2.94 (t, J = 7.5 Hz, 2H), 2.18 (t, J = 7.5 Hz, 2H), 
15 1.55-1.80 (m, 4H), 1.28 (m, 4H); "C NMR (75.4 MHz, CDCy 
524.20, 25.30, 28.64, 28.69, 36.16,41.78, 117.37, 

118.62, 123.87, 124.14, 125.35, 125.42, 126.13, 126.70, 127.06, 127.52, 128.18, 129.74, 
132.13, 133.61, 135.85, 140.89,172.15, 204.96. 
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Example 20; 

N-Hyd]t>xy*6,6-dimethyl-7-(4*methoxybenzoyl)heptana]nide (58) 

Step 1: Ethyl 6,6-dimethyl-7-methoxy-7-(4-methox)^henyl)-heptanoate (54) 

5 Following the procedure described in Example 10, stepl, but substituting 

ester 24 for carboxylic add 16, the title compound was obtained in 94% yield: *H 
NMR (300 MHz, CDCI3) 5 7.24 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 4.12(q, J 
= 7.2 Hz, 2H), 3.82 (s, 3H), 3.78 (s, IH), 3.15 (s, 3H), 2.30 (t, J = 7.2 Hz, 2H), 1.59 (m, 
2H), 1.26 (t, J = 7.2 Hz, 3H), 1.25-1.40 (m, 4H), 0.83 (s, 3H), 0.76 (s, 3H). 

10 Step 2: Ethyl 6,6-dimethyl--7-(4-methoxyphenyDheptanoate (55) 

Following the procedure described in Example 14, stepl, but substituting 
ester 54 for ester 31^ the title compoimd was obtained in 64% yield. ^H NMR (300 
MHz,CDCl3) 5 7.01 (d, J = 8.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 4.13 (q, J = 7.2 Hz, 
2H), 3.79 (s, 3H), 2.43 (s, 2H), 2.31 (t, J = 7.2 Hz, 2H), 1.60 (m, 2H), 1.26 (t, J = 7.2 
15 Hz, 3H), 1.15-1.40 (m, 4H), 0.82 (s, 6H); ""C NMR (75.4 MHz, CDCI3) 
6 14.26, 23.76, 25.81, 26.69, 34.07, 

34.41, 41.50, 47.40, 55.16, 60.16, 113.01, 131.37, 131.40, 157.73, 173.83. 
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Step 3: Ethyl 6-Methyl-6-f4>methoxvbenzovl)heptanoate (56) 

A mixture of ester 55 (190 mg, 0.65 mmol) and ]SJ-bromosuccimmide(150 
mg, 0.85 mmol) in CQ^ was heated at reflvix overnight in the presence of a 
catalytic amoimt of AIBN (7mg). The reaction mixture was cooled to ambient 
5 temperature, and the floating solid was filtered off. The filtrate was then 
concentrated to give the crude benzylic bromide: NMR (300 MHz, CDQg) 
5 7.28 (d, J = 8.7 Hz, 2H), 6.81(d, J = 8.7 Hz, 2H), 4.89 (s, IH), 4.13 (q, J = 7.2 Hz, 
2H), 3.80 (s, 3H), 2.31 (t, J = 7.5 Hz, 2H), 1.60 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 1.10- 
1.40 (m, 4H), 1.05 (s, 3H), 0.93 (s, 3H). 

10 A mixture of crude bromide obtained above and 

bis(tetrabutylammonium)dichromate (1.68 g, 2.4 mmol) was heated at reflux in 
CHCI3 (10 mL) for 4 h. After removal of the solvent, the residue was dissolved in 
ethyl ether (50 mL), washed with water, dried and concentrated. Purification by 
flash silica gel chromatography (15% ethyl acetate in hexanes) gave the tide 

15 compound (230 mg, 63% yield) as light yellow oil: 'H NMR (300 MHz, CDCI3) 
8 7.81 (d, J = 9.0 Hz, 2H), 6,89 (d, J = 9.0 Hz, 2H), 4.08 (q, J = 7.2 Hz, 2H), 3.86 (s, 
3H), 2.23 (t, J = 7.5 Hz, 2H), 1.79 (m, 2H), 1.55 (m, 2H), 1.32 (s, 6H), 1.23 (t, J = 7.2 
Hz,3H), 1.21 (m,2H). 

Step 4: 6-Methyl'6-(4-methoxybenzoyl)heptanoic acid (57) 

20 Following a procedure analogous to that described for 50a but substituting 

ester 56 for ester 49a^ the title compound was obtained in 93% yield: 'H NMR (300 
MHz, CDCI3) 8 7.67 (d, J = 9.0 Hz, 2H), 6.78 (d, J = 9.0 Hz, 2H), 3.73 (s, 3H), 2.10 (t, 
J = 7.5 Hz, 2H), 1.67 (m, 2H), 1.42 (m, 2H), 1.19 (s, 6H), 1.13 (m, 2H); NMR (75.4 
MHz, CDCI3) 5 24.15, 25.13, 26.16, 33.57, 40.81, 47.32, 55.08, 113.11, 130.27, 130.31, 

25 161.90,176.12,207.01. 

Step 5: N-Hydroxy-6-methyl-6-^4-methoxybenzoylVheptanamide (58) 

Fallowing the procedure described in Example 14, step 3, but substituting 
carboxylic add 57 for 37, the title compoimd was obtained in 39% yield: ^H NMR 
(300 MHz, CD3OD/CDCI3 = 5/1): 5 7.80 (d, J = 9.0 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 
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3.86 (s, 3H), 2.05 (t, J = 7.5 Hz, 2H), 1.77 (m, 2H), 1.47 (m, 2H), 1.32 (s, 6H), 1.23 (m, 
2H); "C NMR (75.4 MHz, CDjOD/CDO, = 5/1) 5 24.14, 25.71, 26. 17, 29.40, 32.40. 
40.75,55.08, 113.12. 130.15. 130.32. 161.94. 170.94.207.08. 




1. EDC.HOBl 

2. NH2OH • HCI, 
EtcN 




Example 21; 

N-Hyd«>xy-4,6-dimethyl-6-[4-(N,N-dimethyl)benzoyl]heptanamide(62) 

Step 1: Ethyl 4.6-dimethyl-7-ine1hoxy-7-r4-r2sr.N- 
dimethylam ino^phenyllheptanoic add (59) 

10 Following the procedure described in Example 10, stepl, but substituting 

ester 32 for carboxylic add 16, the title compovind was obtained as an inseparable 
mbcture of isomers in 99% yield: major isomer: *H NMR (300 MHz, CDCy 5 7.09 
(d, J = 9.0 Hz, 2H), 6.70 (d, J = 9.0 Hz, 2H), 4.10 (q, J = 7.2 Hz, 2H), 3.74 (d, J = 6.9 
Hz, IH), 3.16 (s, 3H), 2.95 (s, 6H), 2.21 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H), 1.00-1.83 (m, 

15 6H), 0.90 (d, J = 6.6 Hz, 3H), 0.76 (d, J = 6.0 Hz, 3H). 
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Step 2: Elhyl4-methyl-^[4-fN.N-dimethylamino^benzoyl1heptanoate (60) 

Following the procedure described in Example 13, but substituting ester 59 
for compound 34, the tide compound was obtained as a ca. 3:1 mixture of isomers 
in 42% yield: major isomer *H NMR (300 MHz, CDCI3) 6 7.88 (d, J = 9.0 Hz, 2H), 
5 6.64 (d, J = 9.0 Hz, 2H), 4.18 (q, J =7.2 Hz, 2H), 3.45 (m, IH), 3.05 (s, 6H), 2.13 (m, 
2H), 1.22(t, J = 7.2 Hz, 3H), 1.20-1.83 (m, 5H), 1.02 (d, J = 6.6 Hz, 3H), 0.81 (d, J = 
6.3 Hz, 3H); NMR (75.4 MHz, CDCI3) 
8 14.13, 17.53, 19.02, 30.33, 31.80, 32.16, 37.06, 39.91, 40.06, 60.08, 
110.66, 124.15, 130.32, 153.19, 173.81,202.28. 

10 Step 3: 4-Methyl-6-f4-(N.N-dimethylamino)beiizoyl1heptanoic acid (61) 

Following tiie proceduoce described for 50, but substituting ester 60 for ester 
49, the title compound was obtained in 94% yield: major isomer *H NMR (300 
MHz, CDCy 5 7.89 (d, J = 9.0 Hz, 2H), 6.66 (d, J = 9.0 Hz, 2H), 3.45 (m, IH), 3.05 
(s, 6H), 2.15 (m, 2H), 1.20-1.83 (m, 5H), 1.14 (d, J = 6.6 Hz, 3H), 0.93 (d, J = 6.3 Hz, 
15 3H). 

Step 4: N-Hydroxy-4-Methyl-6.r4-(2syjsr-dime1hylamino)benzovnheptanamide 

m 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 61 for 37, the titie compound was obtained in 44% yield: major 
20 isomer 'H NMR (300 MHz, CD3OD/CDCI3 = 5/1) 6 7.82 (d, J = 9.0 Hz, 2H), 6.62 
(d, J = 9.0 Hz, 2H), 3.40 (m, IH), 3.01(s, 6H), 2.05 (m, 2H), 1.20-1.83 (m, 5H), 1.07 
(d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.3Hz, 3H). 



93 



wo 01/70675 PCT/TBOl/00683 



63 : Ri= H, R2= (^^^ (Example 22) 

64 : = H, = OCHa (Example 23) 

65 : Rt s CH3, R2 = OH (Example 24) 

66 : R^ = H, R2 (Example 25) 



':Ri=H,R2=Q^ 



67:Ri = H,R2=r J (Example 26) 



Example 22; 

N-(2-Ammophenyl)-7-(2-naphthoyl)heptanainide (63) 

To a solution of 7-(2-naphthoyl)heptanoic add 50g (1.00 g, 3.52 mmol) in 
5 DMF (15 mL) were added HOBT (950 mg, 7.04 mmol) and EDC (1.00 g, 5.28 

mmol). The mixture was stirred at room temperature for 1 hour, after which 1,2- 
phenylenediamine (760 mg, 7.04 mmol) was added and the solution was stirred at 
room temperature for 16 hours. The DMF was evaporated under hig^i vacuimi, 
deionized water was added, and the mixture was extracted wititi ethyl acetate (2 x 
10 30 mL). The combined organic layers were washed with saturated sodium 

bicarbonate (20 mL), washed with brine (20 mL), and dried (MgSOJ. The solvents 
were removed in vacuo and the title compoimd 63 (558 mg, 42%) was isolated by 
recrystallization from acetone and dichloromethane. *H NMR (300 MHz, 20% 
CX>30D in CDCg: 5 8.47 (s, IH), 8.10-7.85 (m, 4H), 7.63-7.50 (m, 2H), 7.14-6.70 (m, 
15 4H), 3.11 (t, J = 7.2 Hz, 2H), 2.39 (t, J = 7.5 Hz, 2H), 1.77 (m, 4H), 1.46 (m, 4H). ""C 
NMR (75 MHz, 20% CD3OD in CDCHg): 6 23.99, 25.40, 28.66, 28.74, 

36.08, 38.23, 117,69, 119.09, 123.45, 124.01, 125.34, 126.53126.86, 127.45, 128.19, 128. 
23, 129.28, 129.56, 132.23, 133.85, 135.32, 140.58, 172.81,201.11. 
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Example 23: 

Ar-Methoxy-7-(2-naphthoyl)heptanainide (64) 

To a solution of 7-(2-naphthoyl)heptanoic add 50g (500 mg, 1.76 nunol) in 
DMF (10 mL) were added HOBT (309 mg, 2.29 mmol) and EDC (504 mg, 2.64 

5 mmol). The mixture was stirred at room temperature for 1 hour, after which 
methoxylamine-HCI (176 mg, 2.11 mmol) and triethylamine (300 jiL, 2.11 mmol) 
were added and the solution was stirred at room temperature for 16 hours, then at 
45*'C for 2 hours. The DMF was evaporated imder high vacutim, deionized water 
was added, and the mixture was extracted witii ethyl acetate (2 x 30 mL). The 

10 combined organic layers were washed with saturated sodium bicarbonate (10 
mL), washed with brine (10 mL), and dried (MgSO^). The solvents were removed 
in vacuo and the title compound 64 (308 mg, 56%) was isolated by recrystallization 
from acetone. NMR (400 Mflz, 5:1 CDCl3:CD30D): 8.37 (s, IH), 7.89 (m, 2H), 
7.78 (m, 2H), 7.48 (m, 2H), 3.59 (s, 3H), 3.01 (t, J = 7.3 Hz, 2H), 1.96 (t, J = 7.3 Hz, 

15 2H), 1.67 (m, 2H), 1.54 (m, 2H), 1.31 (m, 4H). 

Example 24: 

]S/-Hydroxy-2V-methyl-7-(2-naphthoyl)heptanamide (65) 

Following the procedure described in Example 23, but substituting 
methyl-hydroxylamine-HCl for methoxylamine-HCI, the title compoimd 65 was 
20 obtained in 34% yield. 'H NMR (400 MHz, 5:1 CDCl3:CD30D): 5 8.37 (s, IH), 7.88 
(m, 2H), 7.78 (m, 2H), 7.47 (m, 2H), 3.10 (s, 3H), 3.01 (t, J = 7.1 Hz, 2H), 2.36 (t, J = 
6.5 Hz, 2H), 1.67 (m, 2H), 1.52 (m, 2H),1.32 (m, 4H). 

Example 25: 

N-(2-Hydroxyphenyl)-7-(2-naphthoyl)heptanamide (66) 

25 Following the procedure described in Example 22, but substituting 2- 

aminophenol for 1,2-phenylenediamine, the title compound 66 was obtained in 
20% yield after purification by flash silica gel chromatography (3% methanol in 
dichloromethane) followed by crystallization in ethyl acetate. ^H NMR (CDCI3): 5 
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8.38 (s, IH), 7.89 (m, 2H), 7.81 (m, 2H), 7.48 (m, 3H), 6.81 (m, 3H), 3.03 (t, J = 7.3 
Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.68 (m, 4H), 1.37 (m, 4H). 

Example 26; 

N-(2-Aminoqrdohexyl)-7-(2-naphthoyl)heptanainide (67) 

Following the procedure described in Example 6, but substituting the 
carboxylic acid 50g for the carboxylic add 16 and 1,2-diaminocyciohexyl for 1,2- 
phenylenediamine, the title compoimd 67 was obtained in 16% yield. ^H NMR 
(300MHz, CDCy : 5 8.44 (s, IH), 8.0-7.82 (m, 4H), 7.65-7.48 (m, 3H), 3.80-3.70 (br s, 
2H), 3.07 (t, J = 6.9 Hz, 2H), 1.20-2.25 (m, 20H). 



Example 27; 

N-(2-(N-Methyl-N-methyloxycarbonyl)aminophenyl)-7-(2- 
naphthoyDheptanamide (69) 

Step 1: 2-(N-M ethyl-N-methyloxycarbonvDaminoaniline (68) 
i) Substitution reaction 

To a solution of N-methyl-2-nitroaniline (1.00 g, 6.58 mmol) in acetone (15 
mL) was added methyl chloroformate (2.0 mL, 26 mmol) and potassitmi carbonate 
(5.45 g, 39.5 mmol). The reaction mixture was refluxed for 16 hours and then 
stirred at room temperature for 96 hours. The acetone was removed in vacuo, 
water was added, and the mixture was extracted with ethyl acetate (2 x 30 mL). 




.NHCHg I.ClCOOMe.KgCO a 
2.H2,Pd/C 




69 : Example 27 
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The combined organic layers were washed with brine and dried (MgSOJ. The 
solvents were removed in vacuo and the compoimd (808 mg, 59%) was isolated by 
column chromatography (25% to 40% of ethyl acetate in hexane). *H NMR 
(400MHz, DMSOd^: 5 8.02 (m, IH), 7.78 (m, IH), 7.63 (d, J = 7.7 Hz, IH), 7.55 (m, 
IH), 3.66 and 3.45 (s, 3H), 3.29 and 3,23 (s, 3H). 

ii) Hydrogenation 

A solution of 2-(N-methyl-N-metiiyloxycarbonyl)nitroaniline (600 mg, 2.86 
mmol) in methanol (6 mL) was hydrogenated over 10% Pd/C (51 mg, 0.048 
mmol) for 2 hours. The reaction mbcture was filtered through a short pad of Celite 
and the solvent was removed in vacuo to give titie title compound 68 (489 mg, 
95%). 'H NMR (400MHz, DMSOd,): 8 6.94 (m, 2H), 6.70 (m, IH), 6.50 (m, IH), 
5.01 (br s, 2H), 3.64 and 3.49 (s, 3H), 3.33 (s, 3H). 

Step 2: N-f2-fN-Methyl-N-methyloxycarbonynaminQphenylV 7-r2-naphthovn^ 
h^ptanamide (69) 

Following the procedure described in Example 6, but substituting the 
carboxylic acid 50g for the carboxylic acid 16 and the N-methyl, N- 
methyloxycarbonyl-l,2-phenylenediamine for 1,2-phenylenediamine, the title 
compound 69 was obtained in 32% yield. MS (ESI) = 447.5 (MH") 
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73 : Example 28 



Example 28: 

N-(2'Aminophenyl)'7'(2''naphthoyl)heptanafnine (73) 

Step 1: l-Hydroxy-l-[f2-naphthyl^1-8-octanol (70) 

5 Lithiiim aliiminiain hydride (114 mg, 3.00 mmol) was added to diethyl 

ether (3 mL) at O'^C. A solution of ethyl-7-(2-naphthoyl)-heptanoate 49g (312 mg, 
1.00 mmol) in ether (2 mL) was added dropwise at O'^C and the reaction mixture 
was stirred at O'^C for 1 hour, then at room temperature for 1 hour. Deionized 
water was added slowly dropwise (5 mL) followed by 2N NaOH (5 mL). The 

10 mixture was filtered through a short pad of Celite, washing with ether. The 
organic layer was separated and dried (MgSOJ. The solvents were removed in 
vacuo to give the title compound 70 (247 mg, 91%). 'H NMR (400 MHz, DMSOd^: 
6 7.83 (m, 4H), 7.45 (m, 3H), 5.22 (m, IH), 4.64 (m, IH), 4.28 (m, IH), 3.35 (m, 2H), 
1.68 (m, 2H), 1.37 (m, 2H), 1.22 (m, 8H). 
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Step 2: 7-f2-NaphthoylVl-heptanol (71): 

To a solution of l-hydroxy-l-[(2-naphthyl)]-8-octanol 70 (715 mg, 2.63 
mmol) in acetone (25 mL) was added manganese (IV) oxide (7.0 81 mmol) and 
the reaction mixture was stirred at room temperature for 16 horns. The mixture 
5 was filtered through a short pad of Celite and the solvents were removed in vacuo. 
The title compound 71 (361 mg, 51%) was isolated by coltmm chromatography 
(4:6 ethyl acetate:hexane).'H NMR (400 MHz, DMSOdJ: S 8.68 (s, IH), 8.11 (d, 
IH), 8.00 (m, 3H), 7.64 (m, 2H), 4.32 (t, IH), 3.15 (t, J = 7.2 Hz, 2H), 1.67 (m, 2H), 
1.40 (m,2H), 1.32 (m,8H). 

10 Step 3: l-Bromo-7-r(2-naphthoyl)]heptane (72): 

To a solution of 7-(2-naphthoyl)-l-heptanol 71 (175 mg, 0.606 mmol) in 
eflier (5mL) at 0°C was added a solution of phosphorous tribromide (86 \iL, 0.908 
imnol) in ettier (1 mL) dropwise and the reaction mixture was stirred at room 
temperature for 6 hours. Saturated sodium bicarbonate solution was added 
15 slowly and the mixture was extracted with ether (2 x 20 mL). The combined 
organic layers were washed with brine and dried (MgSOJ. The solvents were 
removed in vacuo to give the title compound 72 (141 mg, 70%). ^H NMR (400 MHz, 
DMSO-d,): 6 8.66 (s, IH), 8.12 (m, IH), 7.99 (m, 3H), 7.62 (m, 2H), 3.50 (t, 2H), 3.11 
(t, 2H), 1.65 (m, 2H), 1.55 (m, 2H),1.31 (m, 6H). 

20 Step 4: N-(2-AminophenyD-7-(2-naphthoyl)heptanamine (73) 

To a solution of l-bromo-7-[(2-naphthoyl)]heptane 72 (62 mg, 0.17 mmol) 
in toluene (2 mL) and DMF (1 mL) was added 1,2-phenylenediamine (60 mg, 0.56 
mmol) and N,N-diisopropylethylamine (36 fiL, 0.21 nunol) and the reaction 
mixture was stirred at room temperature for 2 hoxirs then at 75°C for two hours 
25 and finally reflxixed for 5 hours. Saturated sodium bicarbonate solution (5 mL) 
was added and the mixture was extracted with dichloromethane (2 x 20 mL). The 
combined organic layers were washed with deionized water (20 mL), washed 
with brine (10 mL), and dried (MgSO^). The solvents were removed in vacuo and 
the title compound 73 (2 mg, 3%) was isolated by colimm chromatography (3:7-4:6 
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ethyl acetate:hexane) followed by recrystallization from ether and hexane.^H 
NMR (400 MHz, DMSOdJ: 8 8.69 (s, IH), 8.14 (d, J = 8.0 Hz, IH), 8.00 (m, 3H), 
7.64 (m, 2H), 6.52 (m, IH), 6.47 (m, IH), 6.38 (m, 2H), 4.46 (s, 2H), 4.30 (m, IH), 
3.17 (t, J = 7.4 Hz, 2H), Z99 (m, 2H), 1.69 (m, 2H), 1.60 (m, 2H), 1.39 (m, 6H). 



R1 
R2 



74 : R,= H, n (Example 29) 



75 : R, = H, R2 - Oj (Example 30) 



76 : R, = H, R2 = (Example 31) 



77 : Ri= H, R2= S T^"" (Example 32) 



78 : Ri= H, R2= NHOH (Example 33) 
79 : R,= H, R2= "\ A (Example 34) 



80:R,= H,R2= J (Example 35) 



81:Ri=:H,R2s IJ (Example 36) 

OMe 



82 



: R^ss H, Rgs (Example 37) 



83 : R,= H, Rjf XJ (Example 38) 

MeO 



Example 29: 

N-(2-Hydroxyphenyl)-7-[(4-biphenyl)carbonyllheptanamide (74) 

Following the procedure described in Example 22, but substituting 
carboxylic add 50h for carboxylic add 50g and 2-aminophenol for 1,2- 
10 phenylenediamine, the title compound 74 was obtained in 39% yield. NMR 
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(CDa3:CD30D 5:1): 5 7,99 (d, J = 8.4 Hz, 2H), 7.60 (m, 4H), 7.41 (m, 4H), 7.02 (m, 
IH), 6.91 (m, IH), 6.81 (m, IH), 2.98 (m, 2H), 2.41 (t, J = 7.5 Hz, 2H), 1.74 (m, 4H), 
1.42 (m,4H). 

Example 3Qt 

5 N-(2-Aminobenzyl)-74(4-biphenyl)carbonyl]heptanaimd^ (75) 

Following the procediire described in Example 22, but substituting 
carboxylic acid 50h for carboxylic add 50g and 2-aminobenzylainine for 1,2- 
phenylenediamine respectively, the title compound 75 was obtained in 32% yield. 
'H NMR (300MHz, CDO,): 5 8.02 (d, J = 8.4 Hz, 2H), 7.71-7.61 (m, 4H), 7.37-7.51 
10 (m, 3H), 7.12-7.01 (m, 2H), 6.70-6.62 (m, 2H), 5.76 (br s, IH), 4.38 (d, J = 6.3 Hz, 
2H), 2.97 (t, J = 7.5 Hz, 2H), 2.19 (t, J = 7.5 Hz, 2H), 1.80-1.58 (m, 4H), 1.45-1.32 (m, 
4H). 

Example 31; 

N-(2-Thiazolyl)-7-[(4-biphenyl)carbonyl]heptanamide (76) 

15 Following the procedure described in Example 22, but substituting 

carboxylic acid 50h for carboxylic acid 50g and 2-aminothiazole for 1,2- 
phenylenediamine respectively, the title compoimd 76 was obtained in 11% 5deld. 
'H NMR (400MHz, CDCI3): 5 8,03 (d, J = 8.4 Hz, 2H), 7.6-7.7 (m, 4H), 7.39-7.53 (m, 
4H), 7.07 (d, J = 4.2 Hz, 2H), 3^05 (t, J = 7.5 Hz, 2 H), 2.67 (t, J = 7.5 Hz, 2H), 1.72- 

20 1.82 (m, 4H), 1.42-1.50 (m, 4H). 

Example 32; 

N-(2-Aminophenyl)-7-I(4-biphenyl)carbonyllheptanamide (77) 

Following tiie procedure described in Example 22, but substituting 
carboxylic acid 50h for carboxylic add 50g, the title compound 77 was obtained in 
25 31% yield. 'H NMR (300 MHz, CDCI3): 5 8.02 (d, J = 8.4 Hz, 2H), 7.68 (d, 8.4 Hz, 
2H), 7.62 (m, 2H), 7.51-7.35 (m, 3H), 7.16 (m, IH), 7.04 (m, IH), 7.75-6.80 (m, 2H), 
3.83 (br s, 2H), 3.00 (t, J = 7.5 Hz, 2H), 2.39 (t, J = 7.2 Hz, 2H), 1.78 (m, 4H), 1.45 (m, 
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4H). NMR (75 MHz, CDCy 

524.08, 25.55, 28.87, 28.94, 36.79, 38.41, 118.13, 119.43, 124.38, 

125.20, 127.05, 127.19, 127.21, 128.16, 128.62, 128.91, 135.61, 139.85, 140.78, 145.60, 1 
71.82, 200.09. 

5 Example 33: 

]S/-Hydroxy-7-[(4-biph€nyl)carbonyl]heptanamide (78) 

Following the procedure descaibed in Example 14, step 3, but substituting 
carboxylic acid 50h for carboxylic add 37,and using 1.1 equivalent of NH^OH-HQ 
and triettiylamine each, the title compound 78 was obtained in 22% yield. 
10 NMR (300 MHz, 20% CD3OD in CDCy: 8 8.03 (d, J = 7.8 Hz, 2H), 7.70 (d, J = 7.8 
Hz, 2H), 7.64 (d, J = 7,2 Hz, 2H), 7.55-7.38 (m, 3H), 3.02 (t, J = 6.9 Hz, 2H), 2.12 ( t, J 
= 7.2 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.41 (m, 4H). "C NMR (75 MHz, 20% 
CDjODinCDClg): 

623.96, 25.06, 28.61(2), 32.54, 38.29, 126.98, 127.02, 128.02, 128.47, 128.71, 135.26, 
15 139.55, 145.66, 171.09, 200.92. 

Example 34: 

N-(4,5-Dihydio-5-thioxo-lA4-thiadiazol-2-yl)-7-[(4-biphenyl)carbo 
heptanamide (79) 

Following the procedure described in Example 22, but substituting 
20 carboxylic add 50h for carboxylic acid 50g and 5-amino-l A4-tihiadiazole-2-thiol 
for 1,2-phenylenediamine respectively, the title compound 79 was obtained in 
34% yield. 'H NMR (300MHz, 20% CD3OD in COa,): 5 7.91 (d, J = 8.4 Hz, 2H), 
7.58(d, J = 8.4 Hz, 2H), 7.52 (m, 2H), 7.38-7.26 (m, 3H), 2.90 (t, J = 7.2 Hz, 2H), 2.30 
(t, J = 7.2 Hz, 2H), 1.62 (m, 4H), 1.30 (m, 4H). 

25 Example 35: 

N-Phenyl-7-[(4-biphenyl)carbonyl]heptanamide(80) 

To a solution of carboxyUc add 50h (310 mg, 1 mmol) in dichloromethane 
(5 mL) stirred at room temperature under nitrogen was added triethylamine (135 
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\iU 1 mmol), followed by BOP (442 mg, 1 mmol), aniline (108 \iL, 1 mmol) and 
triethylamine (405 \iL, 3 mmol). The resulting reaction mixture was stirred for 12 
hours at room temperature. The solvent was removed and the mixture was 
quenched with water (5 mL), extracted with ethyl acetate (3 x 10 mL), dried 
5 (MgSO^), concentrated. Purification by flash silica gel chromatography (5% 
methanol in dichloromettiane) followed by crystallization from acetone afforded 
the corresponding amide 80 (20% yield). NMR: (300 MHz, CDCI3) 5 8.00 (m, 
4H), 7.40-7.60 (m, lOH), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 36: 

10 N-(4-(3-Amino)anisole)-7-[(4-biphenyl)carbonyl]heptanamide(81) 

Following the procedure described in Example 1, step 4, but substituting 4- 
biphenyl carboxylic add for 5, the resulting carboxylic add was substituted for 16 
in Example 6. Then, to a solution of nitroamide (1 mmol) in THF/NH^Cl was 
added iron (1 mmol) and the mixture was stirred at room temperature for 4 hours. 
15 After filtration over Celite, water was added and the mixture' was extracted from 
ethyl acetate to give a residue which was flashed over silica gel to give the title 
compound 81 obtained in 30% yield. NMR (300 MHz, CDCy 8 8.00 (m, 4H), 
7.60-7.40 (m, 8H), 4.00 (s, 3H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 
4H). 




82 : X = F (Example 37) 
83 : X = OMe (Example 38) 
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Example 37; 

N-I(2-Amino-5-fluoro-phenyll-7-[(4-biphenyl)carbonyl]heptanam (82) 

Step 1: N-fgrt-Butyloxycarbonyl-3-fluorc>-2-mtro aniline 

To a solution of 3-£luoro-2-nitro aniline (1 g, 6.4 mmol) in anhydrous THF 
5 (20 mL) was added dropwise at (fC a solution of sodium hydride (510 mg, 12.8 
mmol) in THF (10 mL). After 15 minutes, di-tert-butyl dicarbonate (2.8 g, 13 
mmol) was added dropwise and the mixture was refluxed overnight. Water was 
added and tiie mixture was extracted with ethyl acetate. The residue was flashed 
on silica gel to give the desired product in 93% yield. MS (ESI) = 257 (MIT) 

10 Step 2: N-ferf-Butyloxycarbonyl-3-fluo ro-2-amino aniline 

To a solution of tiie N-fert-Butyloxycarbonyl-3-fluoro-2-nitro aniline (950 
mg, 2.5 mmol) in MeOH was added catalytic amoimt of Raney Nickel in water, 
hydrogen was applied at 40 psi and the mixture was stirred overnight. The 
mixture was filtered over Celite and the solvent was evaporated to give the 
15 desired product in 66% yield (550 mg). MS (ESI) = 226 (MH") 

Step 3: N-f f2-Amino-5-fluorO"phenyl]"7-f f4-biphenyl)carbonyl]heptanainide (82) 

Following the procedure described in Example 1, step 4, but substituting 
50h for 5, followed by Example 4, but substituting N-fert-butyloxycarbonyl-3- 
fluoro-2-amino aniline for 1,2-phenylenediamine, the title compound 82 was 
20 obtained in 27% yield. 'H NMR: (300 MHz, CDCy 5 8.00 (m, 4H), 7.60-7.40 (m, 
8H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 38: 

N-(3-(4-Aniino)anisole)-7-[(4-biphenyl)carbonyllheptanamide(83) 

Step 1: N-^grt-Butyloxycarbonyl-S-methoxy-^ -riitrn anilinp 

25 To a solution of 3-me1iioxy-2-nitro aniline (6.5 mmol) in anhydrous THF 

(20 mL) was added dropwise at OT a solution of sodiimi hydride (13 mmol) in 
THF (10 mL). After 15 minutes, di-tert-butyl dicarbonate (13 mmol) was added 
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dropwise and the mixture was refliaxed overnight Water was added and the 
mixture was extracted with ethyl acetate. The residue was flashed on silica gel to 
give the desired product in 95% yield. MS (ESI) = 269 (MIT). 

Step 2: N-fert-Butyloxycarbonyl-3-methoxy-2-ammo aniline 

To a solution of the N-tert-Butyloxycarbonyl-3-methoxy-2-nitro aniline (4 
mmol) in MeOH was added catalytic amount of Raney Nickel in water, hydrogen 
was applied at 40 psi and the mixture was stirred overnight The mixture was 
filtered over Celite and the solvent was evaporated to give the desired product in 
55% yield. MS (ESI) = 239 (MH*) 

Step 3 : N-^3-(4"Ainino;>anisoleV7-rf4-biphenylkarbonyl1heptanainide (83) 

Following the procedure described in Example 1, step 4, but substituting 
50h for 5, followed by Example 4, step 1, 1, but substituting N-tert- 
butyloxycarbonyl-3-methoxy-2-amino aniline for 1,2-phenylenediainine, the title 
compound 83 was obtained in 32% yield. NMR: (300 MHz, CDCy 5 8.00 (m, 
4H), 7.60-7.40 (m, 8H), 4.00 (s, 3H), 3.00 (m, 2H), 2-60 (m, 2H), 1.60 (m, 4H), 1.20 
(m,4H). 



Example 39: 

N-(2-N-MethyIaminophenyl)-7-(benzoyl)heptanamide (84) 

Following the procedure described in Example 35, but substituting 50h for 
80, and N-methyl-l,2-phenylenediamine for aniline respectively, the title 
compound 84 was obtained in 27% yield. 'H NMR (300MHz; CDCy : 57.98-7.92 





(Example 40) 
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(m, 2H), 7.59-7.52 (m, IH), 7.41-7.50 (m, 2H), 7.24r7.13 (m, 2H), 7.05-6.98 (br s, IH), 
6.77 (d, J = 7.8 Hz, IH), 4.0 (br s, IH), 2.99 (t, J = 7.4 Hz, 2H), Z84 (s, 3H), 2.41 (t, J = 
7.4 Hz, 2H), 1.85-1.70 (m, 4H), 1.48-1.35 (m, 4H). 

Example 40; 

5 N-(2-Thiazolyl)-7-(benzoyl)heptanamide (85) 

Following the procedure described in Example 35, but substituting 
respectively benzotriazol-l-yloxytripyrrolidinophosphonitun 
hexafluorophosphate for the BOP reagent and 2-aimnothiazole for aniline, the title 
compound 85 was obtained in 54% yield. 'H NMR (400MHz, CDCI3): 6 7.96 (d, J = 
10 7.9 Hz, 2H), 7.60-7.54 (m, IH), 7.42-7.50 (m, 3H), 7.0 (d, J = 3.7 Hz, IH), 2.97 (t, J = 
7.3 Hz, 2H), 2.57 (t, J = 7.4 Hz, 2H), 1.87-1.72 (m, 4H), 1.50-1.38 (m, 4H). 

Example 41; 

N-(2-Hydroxyph«nyl)-7-(benzoyl)heptanamide (86) 

Following ttie procedure described in Example 40, but substituting the 1,2- 
15 aminophenol for the 2-aminothiazole, the title compotmd 86 was obtained in 36% 
yield. 

'H NMR (400MHz, CDCy : 5 8.01 (br s, IH), 7.97-7.93 (m, 2H), 7.59-7.42 (2 m, 3H), 
7.13-7.07 (m, 2H), 7.02-6.98 (m, IH), 6.87-6.81 (m, IH), 2.98 (t, J = 7.2 Hz, 2H), 2.45 
(t, J = 7.2 Hz, 2H), 1.81-1.68 (m, 4H), 1.45-1.38 (m, 4H). 




88; Example 42 
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Example 42: 

N-Methyl-N-(2-aminophenyl)-7-(benzoyl)heptanainide (88) 

Step 1: N-Methyl-N-(2-nitrophenyl)-7'njenzQyl)heptanam^ (87) 

To a solution of carboxylic add 50a (1 g, 4.27 mmol) in dichloromethane 
5 (5mL) was added DMF (100 jiL) and oxalyl chloride (447 jiL, 47 mmol). The 
mixture was stirred at room temperature for 12 hours and then cooled at 0°C. The 
N-methyl-2-nitroaniline (714 mg, 4.7 mmol) dissolved in pyridine (2 mL) was 
transferred over the mixture, and the mixture was stirred at 50°C for 12 hours. The 
reaction was quenched by addition of IN HCl and extracted witii 
10 dichloromethane. The organic layer was washed with a saturated solution of 
sodium bicarbonate, dried (MgS04j and concentrated. Purification by flash silica 
gel chromatography (2% methanol in dichloromethane) afforded the 
corresponding amide 87 (963 mg, 62% yield). MS (ESI) = 369 (MHT). 

Step 2: N-Methyl-N-(2-aminophenylV7-fbenzoyDheptanamide (88) 

15 To a solution of amide 87 (420 mg, 1.14 mmol) in a mixture of ethyl acetate 

and methanol (5 mL, 9:1) was added catalytic amoimt of a suspension of Raney 
NickeL The mixture was stirred at room temperature xmder hydrogen pressure 
for 2 hours md then without pressure for 10 hoiirs. The reaction mixture was 
filtered through a short pad of Celite and the solvents were removed in vacuo. 



20 Purification by flash silica gel chromatography (2% methanol in dichloromethane) 
afforded the corresponding amide 88 (180 mg, 47% yield). 'H NMR (300MHz, 
CDCI3): 5 7.96-7.90 (m, 2H), 7.58-7.41 (2 m, 4H), 7.17-7.10 (m, IH), 6.98 (dd, J = 1.5, 
7.5 Hz, IH), 6.80-672 (m, 2H), 3.18 (s, 3H), 2.91 (t, J = 7.2 Hz, 2H), 2.15-1.95 (m, 
2H), 1.73-1.51 (m, 4H), 1.35-1.20 (m, 4H). 




1.(Ph0)2P(0)N3 




.OH 



EtgN, Toluene 




89: Example 43 



25 
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Example 43: 

N-(2-Aininophenyl)-N'-[6-(beiizoyl)hexyl]urea (89) 

To a stirred solution of carboxylic add 50a (500 mg^ 2.13 nunol) in toluene 
(1.5 mL) at room temperature under nitrogen was added triethylamine (295 |iL, 

5 2,13 mmol), followed by diphenylphosphoryl azide (461 }iL, 2.13 mmol). The 
reaction mixture was heated at SO^'C for 5 hours and 1,2-phenylenediamine (253 
mg, 2.34 mmol) dissolved in 1 mL of toluene was added. The reaction was stirred 
at 80°C for 12 hours. The mixture was quenched with water (5 mL), extracted with 
ethyl acetate (3 x 10 mL), dried (MgSO^), and concentrated. Purification by flash 

10 silica gel chromatography (5% methanol in dichloromethane) followed by 
recrystallization from ethyl acetate and hexane afforded the corresponding urea 
89 (340 mg, 47% yield) as a brown powder. NMR: (400MHz, CDC33) 5 7.95 (d, 
2H, J = 7.2 Hz), 7.60-7.53 (m, IH), 7.5-7.4 (m, 2H), 7.12-7.03 (m, 2H), 6.82-6.73 (m, 
2H), 6.38 (br s, IH), 4.92 (br s, IH), 3.9 (br s, 2H), 3.23-3.12 (m, 2H), 2.95 (t, 2H, J = 

15 7.3 Hz), 1.80-1.60 (m, 2H), 1.55-1.25 (2m, 6H). 




93:X = OH (Example 45) 



Example 44: 

N-(2-Aminophenyl)-N'-l5-((4-biphenyl)carbonyl)pentyl]urea (92) 

20 Step 1: 1-Phenylcycloheptene (90) 
i) Grignard Reaction 
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A dry two neck round bottom flask fitted with a condenser, a drying tube and 
an addition funnel was charged with magnesium turnings (517 mg, 21.5 mmol). 
Aroxmd 10% of the 4-bromobiphenyl (5 g, 21.5 mmol) dissolved in anhydrous 
THF (15 mL) was added via the addition funnel. When the reflux was maintained, 

5 the balance of halide was dropwise added and tiie mixture was refluxed for 2 
hours. After being cooled to room temperature, the heptanone (2.5 mL, 21.2 
mmol) dissolved in dry THF (10 mL) was dropwise added, and flie mixture was 
stirred for 10 hours at room temperature. The reaction was quenched with 2N 
HCl (5 mL), extracted with diethyl ether (3 x 30 mL), dried (MgSOJ, and 

10 concentrated. Purification by flash silica gel chromatography (10% ethyl acetate in 
hexane) afforded the corresponding alcohol (4 g, 70% yield). 

ii) Dehydration 

In a round bottom flask fitted with a Dean Stark and a condenser was 
added a solution of alcohol (obtained above) in benzene (90 mL) and a catalytic 
15 amotmt of p-toluenesulfonic acid. The reaction mixture was refluxed for 3 hours 
and then cooled to room temperature. The mixture was washed with water (30 
mL), brine (30 mL), dried (MgSOJ, and concentrated to afford the corresponding 
alkene 90 (3.1 g, 84% yield). NMR (400MHz, CDCI3: 5 7,70-7.35 (m, 9H), 6.15 (t, 
J = 8.0 Hz, IH), 175-2.68 (m, 2H), 2.43-2.35 (m, 2H), 1.80-1.60 (m, 6H), 

20 Step 2: 6-rf4-Biphenylkarbonyllhexanoic acid (91) 

To a solution of cyclic alkene 90 (1.5 g, 6 mmol) dissolved in benzene (200 
mL) was added 18-crown-6 (111 mg, 0.42 mmol) and KMnO^ (2.37 g, 15 mmol). 
The reaction mixture was stirred at room temperature for 10 hours, and then 
quenched by addition of an aqueous solution of NaHSOg (100 mL) followed by 6N 
25 HCl until decoloration. The organic layer was extracted and washed with 0.5 N 
NaOH imtil a white precipitate was formed. The extracted aqueous layer was 
acidified with 6N HQ and then extracted with dichloromethane (5 x 200 mL). The 
combined organic layers were dried (MgSOJ and concentrated affording the 
corresponding add 91 (480 mg, 27% yield) as a white soUd. MS (ESI) = 311 (MH*). 
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Step 3: Nr-^2-Arninophenyim-r5-ff4-biphenyl V.arbonvnpentvl1urea (92) 

Following tile procedure described in iExample 43, but substituting 
carboxylic add 91 for carboxylic add 50a, and substituting 1,2-phenylenediamine 
for 2-aminophenol the titie compound 92 was obtained in 28% yield. *H NMR 
5 (400MHz, CDCy: 5 8.0 (d, J = 8.2 Hz, 2H), 7.70-7.60 (m, 5H), 7.52-7.38 (m, 4H), 
7.20-7.00 (m, 3H), 6.93 (t, IH), 5.73 (br s, IH), 3.25-3.13 (m, 2H), 3.0 (t, 2H), 1.80- 
1.70 (m, 2H), 1.60-1.35 (m, 4H). 

Example 45; 

N-(2-Hydroxyphenyl)-N'-[5-((4-biphenyl)carbonyl)pentyl]urea(93) 

10 Following the procediure described in Example 43, but substituting 

carboxylic add 91 for carboxylic add 50a, the tifle compound 93 was obtained in 
22% yield. 'H NMR (400MHz, CDClj): 8 8.03 (d, J = 8.2 Hz, 2H), 7.69 (d, J = 8.2 Hz, 
2H), 7.63 (d, J = 7.1 Hz, 2H), 7.60-7.40 (m, 4H), 7.10-6.75 (3 m, 3H), 3.31 (t, J = 6.7 
Hz, 2H), 3.04 (t, J = 6.9 Hz, 2H), 1.85-1.75 (m, 2H), 1.65-1.58 (m, 2H), 1.50-1.40 (m, 

15 2H). 

1.(PhO)^(0)N3 Q o 

94 : Y=C, Z=N (Example 46) 
95 : YsN, Z=C (Example 47) 

Example 46; 

3-Pyridylmethyl-N-[6-(benzoyl)hexyllcarbamate (94) 

Following the procedure described in Example 43, but substituting 3- 
20 pyridylcarbinol for 2-aminophenol, the titie compoimd 94 was obtained in 46% 
yield. 'H NMR (400MHz, CDCI3): 6 9.0 (s, IH), 8.81 (d, J = 5.4 Hz, IH), 8.35 (d, J = 
8.4 Hz, IH), 7.58-7.43 (m, 3H), 5.29 (s, 2H), 5.18 (br s, IH), 3.23-3.16 (m, 2H), 2.97 (t, 
J = 7.2 Hz, 2H), 1.80-1.68 (m, 2H), 1.60-1.47 (m, ZEi), 1.47-1.3 (m, 4H). 
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Example 47; 

2-Pyridylmethyl-N-I6-(benzoyl)hexyl]carbainate (95) 

Following flie procedure described in Example 43, but substituting the 2- 
pyxidylcarbinol for 2-aminophenol, the title compoimd 95 was obtained in 35% 
yield. NMR (400MHz, CDCI3): 8 9.0 (dd, J =7.2 Hz; 1.2 Hz, IH), 8.3 (dt, J =7.2 
Hz; 1.2 Hz, IH), 7.97-7.92 (m, 2H), 7.81-7.75 (m, 2H), 7.58-7.42 (m, 3H), 5.75 (br s, 
IH), 5.45 (s, 2H), 3.23-3.14 (m, 2H), 2.96 (t, J = 7.2 Hz, 2H), 1.78-1.68 (m, 2H), 1.58- 
1.48 (m, 2H), 1.42-1.34 (m, 4H). 

NOH 



sIHOH 



96 : Ars n.^JO^ (Example 



48) 



97:Ar= (Example 49) 

98 : Ar = (Example 50) 




99:Ar= (Example 51) 



10 Example 48: 

N-Hydroxy-8-(E)-oximino-8-(4-methoxyphenyl)octanamide(E-96) 

Following the procedure described in Example 18, step 2, 3, but 
substituting 4-methoxybenzoyl chloride for benzoyl chloride, and then the 
resulting carboxylic add was substituted for 37 in Example 14, step 3, to afford the 
15 titie compound 96 in 55% yield. 'H NMR (300 MHz, 20% CD3OD in CDCI3): 5 7.50 
(d, J = 8.1 Hz, 2H), 6.89 (d, J = 8.1 Hz, 2H), 3.81 (s, 3H), 2.75 (t, J = 7.2 Hz, 2H), 2.06 
(m, 2H), 1.63-1.45 (m, 4H), 1.32 (m, 4H). 

Example 49: 

]Nr-Hydroxy-8-(E)-oximino-8-(2-naphthyl)octanamide (97) 

20 Following the procedure described in Example 18, step 2, 3, but 

substituting 2-naphthoyl chloride for benzoyl chloride, and then the resulting 
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carboxylic add was substituted for 37 in Example 14, step 3, to afford the title 
compound 97 in 40% yidd/H NMR (300 MHz, 20% CD3OD in CDCI3): 5 8.00 (s, 
IH), 7.90-7.40 (m, 6H), 2.91 (t, J = 7.2Hz, 2H), 2.07 (t, J = 6.9 Hz, 2H), 1.61 (m, 4H), 
1.38 (m, 4H). ''C NMR (75 MHz, 20% CD3OD in CDCy: 
5 5 25.03, 25.46, 25.86, 28.37, 28.92, 32.39, 123.43, 125.38, 

125.90, 126.08, 127.15, 127.62, 127.94, 132.79, 133.14, 133.17. 159.01, 171.17. 
Example 50: 

N-Hydroxy-8-(E)-oximino-8-(2-benzofuiyl)octanamide (£-98) and N-Hydroxy-8- 
(Z)-oximino-8-(2-benzofuiyl)octanamide (Z-98) 

10 Following the procedure described in Example 1, step 4, but substituting 2- 

benzofurancarboxylic add for 5, followed by Example 18, step 2, 3, but 
substituting 2-benzofurancarbonyl chloride for benzoyl chloride, and then the 
resulting carboxylic add was substituted for 37 in Example 14, step 3, to afford the 
title compound 98 in 20% yield as a mixture of Band Z isomer in a ca 9 : 1 ratio. ^H 

15 NMR (300 MHz, CDCI3): 5 7,62 (m, 2H), 7.22-7.00 (m, 3H), 2.82 (m, 2H), 2.00 (m, 
2H), 1.62 (m, 4H), 1.22 (m, 4H). 

Example 51: 

N-Hydroxy-8-(Z)-oximmo-8-(2-ben2oIblthiophene)octanamide(99) 

Following the procedure described in Example 14, step 3, but substituting 
20 carboxylic add 50m for 37, the title compoimd 99 was obtained in 30% jaeld. ^H 
NMR (300 MHz, CDCI3): 6 7.62 (m, 2H), 7.22-7.00 (m, 3H), 2.82 (m, 2H), 2.00 (m, 
2H), 1.62 (m, 4H), 1.22 (m, 4H). 
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NHOH 

O 




100:Ars (Example 52) 

101 : Ar = (TT (Example 53) 
1Q2:Ars (Example 54) 




103:Ar= ^^N^^^(Example 55) 

(Example 56) 
105a :Ar= (Example 57a) 

105b : Ar = iTX (Example 57b) 



Example 52; 

N-Hydroxy-7-[2-(mdolyl)carbonyl]heptanamide (100) 

Following the procedure described in Example 18, steps 2, 3, but 
5 substituting indole-2-carbonyl chloride for benzoyl chloride, and then substituting 
the resulting carboxylic acid for 37 in Example 14, step 3, and using 1.1 equivalent 
each of NH^OH • HCl and triethylamine, the title compound 100 was obtained in 
15% yield. NMR (300 MHz, CDCy 8 7.60 (m, 2H), 7.00-7.40 (m, 3H), 2.80 (m, 
2H), 2.00-2.30 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

10 Example 53: 

Ar-Hydroxy-7-(2-methoxybenzoyl)heptanamide (101) 

Following the procedure described in Example 18, step 2, 3, but 
substituting 2-methoxyben2oyl chloride for benzoyl chloride, and then the 
resulting carboxylic add was substituted for 37 in Example 14, step 3, using 1.1 
15 equivalent of NH2OH.HCI and triethylamine each, to afford the title compoimd 
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101 obtained in 33% yield. *H NMR (300 MHz, 20% CD3OD in CDO^: 6 7.81 (dd, J 
s 8.1, 1.8 Hz, IH), 7.47 (m, IH), 7.02-6.97 (m, 2H), 3.90 (s, 3H), 2.97 (t, J = 7.2 Hz, 
2H), 2.10 (t, J = 7.2 Hz, 2H), 1.74-1.56 (m, 4H), 1.36 (m, 4H). "C NMR (75 MHz, 
20% CD3OD in CDCI3): 

5 8 23.89, 25.05, 28.68, 28.60, 32.50, 43.28, 55.17, 1 1 1.35. 120.33, 128.03, 129.69, 

133.26, 158.18, 171.18, 204.09. 
Example 54; 

N-Hydtoxy-7-[(cydohexyl)carbonyl]heptanamide(102) 

Following the procedure described in Example 18, step 2, 3, but 
10 substituting 2-cydohe;qrlcarbonyl chloride for benzoyl chloride, and then the 
resulting carboxylic add was substituted for 37 in Example 14, step 3, using 1.1 
equivalent of NHjOH JiQ and triethylamine each, to afford the title compotmd 

102 obtained in 38% yield. *H NMR (300 MHz, CDQ^: 5 2.45 (t, J = 6.9 Hz, 2H), 
2.36 (m, 2H), 2.10 (m, 2H), 1.80-1.25 (m, 17H). ''C NMR (75 MHz, 20% CD3OD in 

15 CDCI3): 

5 23.13, 25.00, 25.35, 25.53, 28.22, 28.50, 28.51,32.47, 40.27. 50.61, 177.11, 215.62. 
Example 5S; 

N-Hydroxy-7-[2-((N-methyl)indolyl)carbonyl]heptaiiamide(103) 

Following tiie procedure described in Example 1, step 4, but substituting 1- 
20 methyl indole-2-carboxylic add for 5, followed by Example 18, step 2, 3, but 
substituting N-methyl indole-2-carbonyl chloride for benzoyl chloride, and then 
the resulting carboxylic add was substituted for 37 in Example 14, step 3, using 
1.1 eqviivalent of NHjOH-HQ and triethylamine each, to afford the titie 
compound 103 obtained in 30% yield. 'H NMR: (300 MHz, CDCy 5 7.60 (m, 2H), 
25 7.00-7.20 (m, 3H), 2.90 (s, 3H), 2.80 (m, 2H), 2.00 (m, 2H), 1.60 (m, 4H), 1.20 (m, 
4H). 
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Example 56; 

N-Hydroxy-7-(4-phenoxybenzoyl)heptanamide (104) 

Following the procedure described in Example 1, step 4, but substituting 4- 
phenoxybenzoic acid for 5, followed by Example 18, step 2, 3, but substituting 4- 

5 phenoxybenzoyl chloride for benzoyl chloride, and then the resulting carboxylic 
acid was substituted for 37 in Example 14, step 3, using 1.1 equivalent of 
NHjOH-HQ and triethylamine each, to afford the title compoimd 104 obtained in 
44% yield. NMR (300 MHz, 20% CD3OD in CDCI3): 5 7.81 (d, J = 8.7 Hz, 2H), 
7.23 (m, 2H), 7.08 (m, IH), 6-94 (d, J = 8.1Hz, 2H), 6.87 (d, J = 8.1Hz, 2H), 2.81 (t, J = 

10 7.2 Hz, 2H), 1.99 (m, 2H), 1.59 (m, 2H), 1.52 (m, 2H), 1.25 (m, 4H). ""C NMR (75 
MHz, 20% CD3OD in CDCy : 

5 24.00, 25.02, 28.56(2), 32.48, 37,96, 116.99, 119.89, 124.41, 129.79, 130.15, 
131.15, 155.11, 161.83, 171.14, 199.86. 

Example 57a; 

15 ]Sr-Hydroxy-7-[2-(6-methoxy)naphthoyl]heptanamide (105) 

Following the procedure described in Example 1, step 4, but substituting 2- 
(6-mettioxy)naphthoic acid for 5, followed by Example 18, step 2, 3, but 
substituting 2-(6-methoxy)naphthoyl chloride for benzoyl chloride, and then the 
resulting carboxylic acid was substituted for 37 in Example 14, step 3, using 1.1 
20 equivalent of NHjOHJiQ and triethylamine each, to afford the title compound 
105 obtained in 43% yield. 'H NMR (300 MHz, 20% CD3OD in CDCI3): 5 8.39 (s, 
IH), 7.98-7.16 (m, 5H), 7.56 (m, IH), 3.95 (s, 3H), 3.06 (br t, J = 7.5Hz, 2H), 2.10 (m, 
2H), 1.75 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H). NMR (75 MHz, 20% CD3OD in 
CDCI3) 

25 8 24.09, 25.05, 28.59(2), 32.51, 38.07, 55.11, 105.49, 119.43, 124.19, 126.90, 127.57, 129. 
48, 130.87, 131.88, 137.09, 159.53,171.20, 201.00. 
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Example 57b: 

N-Hydroxy-7-[3-(2-lhiomethyl)p3nidyl)carbonyllheptanamide (105b) 

Following the procedure described in Example 1, step 4, but substituting 3- 
(2-thiomethyl)pyridyl carboxylic add for 5, followed by Example 18, step 2, 3, but 

5 substituting 3-(2-thiomethyl)pyridyl carbonyl chloride for benzoyl chloride, and 
then the resulting carboxylic acid was substituted for 37 in Example 14, step 3, 
using 1.1 equivalent of NH^OH-HCl and triethylamine each, to afford the title 
. compound 105 obtained in 39% yield. 'H NMR (300MHz, 20% CD3OD in CDCI3): 
5 8.58 (br d, J = 3.9 Hz, IH), 8.74 (br d, J = 7.5 Hz, IH), 7.50 (dd, J = 7.5, 4.8 Hz, IH), 

10 2.95 (t, J = 7.5 Hz, 2H), 2.51 (s, 3H), 2.12 (br t, 2H), 1.72 (m, 2H), 1.64 (m, 2H), 1.38 
(m, 4H). NMR (75 MHz, 20% CD3OD in CDCI3) 6 13.61, 23.64, 24.97, 28.42, 
28.51, 32.44, 39.12, 117.71, 129.12, 137.29, 151.35, 161.62, 171.13, 200.67. 




106 : Example 58 



15 Example 58; 

N-(2-Arninophenyl)-8-(E)-Qximino-8-(2-naphthyl)octanamide (E-106) and 
N-(2-Aminophenyl)-8-(Z)-oximino-&-(2-'naphfhyl)octanamide(Z-106) 

Following the procedure described in Example 14, step 3, but substituting 
amide 63 for 37, the title compoxmd 106 was obtained in 30% yield (E/Z isomeric 
20 mixture, ca 5:1). 'H NMR (300 MHz, 20% CD3OD in CDCl,): 5 7.99 (s, IH), 7.90- 
6.70 (m, lOH), 2.93 (t, J = 7.5Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 1.71 (m, 2H), 1.64 (m, 
2H),1.44(m,4H). 




.NHOH 



107 : n = 1 (Example 59) 

108 : n = 2 (Example 60) 
109 : n s 4 (Example 61) 
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Example 59: 

N-Hydioxy-S-CbenzoyDpentanamide (107) 

Following the procedtire described in Example 14, step 3, but substituting 

5- benzoylpentanoic add for 37 and using 1.1 equivalent of NHjOH-Ha and 

5 triethylamine each, the title compound 107 was obtained in 52% peld. *H NMR 
(300 MHz, 20% CD3OD in CDCy : 5 7.86 (d, J = 6.9 Hz, 2H), 7.59-7.43 (m, 3H), 3.01 
(br t, 2H), 2.18 (br t, 2H), 1.72 (m, 4H). NMR (75 MHz, 20% CD3OD in CDCI3): 
823.24, 24.78, 32.39, 37.79, 127.76, 128.36, 133.00, 136.38, 170.85, 200.82. 

Example 60; 
10 N-Hydroxy-6-(benzoyl)hexanamide (108) 

Following the procedure described in Example 14, step 3, but substituting 

6- benzoylhexanoic add for 37 and using 1.1 equivalent of NH^OH-HCl and 
triethylamine each, the titie compotmd 108 was obtained in 40% yield. ^H NMR 
(300 MHz, 20% CD3OD in CDCI3): 5 7.94 (d, J = 7.5Hz, 2H), 7.61-7.40 (m, 3H), 2.98 

15 (t, J = 6.9 Hz, 2H), 2.15 (t, J = 6.6 Hz, 2H), 1.80-1.60 (m, 4H), 1.41 (m, 2H). ""C NMR 
(75 MHz, 20% CD3OD in CDCy : 

23.48, 25.04, 28.37, 32.39, 38.08, 127.87, 128.45, 133.03, 136.57, 
171.16,201.05. 

Example 61; 
20 N-Hydroxy-8-(benzoyl)octanamide (109) 

Following the procedure described in Example 14, step 3, but substituting 
8-benzoyloctanoic acid for 37 and using 1.1 equivalent of NH2OH.HCI and 
triethylamine each, the title compoimd 109 was obtained in 46% yield. ^H NMR 
(300 MHz, 20% CD3OD in CDCI3): 5 7.86 (d, J = 7.5 Hz, 2H), 7.51-7.35 (m, 3H), 2.89 
25 (t, J = 6.9 Hz, 2H), 2.02 (t, J = 6.6 Hz, 2H), 1.70-1.45 (m, 4H), 1.26 (m, 6H). ""C NMR 
(75 MHz, 20% CD3OD in CDCI3): 

8 23.95, 25.15, 28.59, 28,74, 28.78, 32.55, 38.27, 127.79, 128.36, 
132.91,136.55, 171.27, 201.32. 
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NHOH 



110: Ar 




1^ (Example 62) 

t^^^ (Example 63) 
^ (Example 64) 



111 : Ar 




112: Ar 



113: Ar 




(Example 65) 



Example 62; 

N-Hydroxy-6-(4-methoxybenzoyl)hexanainide (110) 

Following the procedure described in Example 18, step 1, 2, 3, but 
5 substituting respectively ethyl-S-iodohexanoate for ethyl-7-iodoheptanoate and 4- 
methoxybenzoyl chloride for benzoyl chloride, and then the resulting carboxylic 
acid was substituted for 37 in Example 14, step 3, using 1.1 eqmvalent of 
NHjORHCl and triethylamine each, to afford the title compound 110 in 54% 
yield. 'H NMR (300 MHz, 20% CD3OD in CDCy : 5 7.86 (d, J = 8.7 Hz, 2H), 6.88 (d, 
10 J = 8.7 Hz, 2H), 3.81 (s, 3H), 2.87 (t, J = 6.6 Hz, 2H), 2.07 (br t, 2H), 1.62 (m, 4H), 
1.34 (m, 2H). ""C NMR (75 MHz, 20% CD3OD in CDCI3): 

523.68, 24.96, 28.32, 32.28, 37.63, 55.14, 113.49, 129.48, 130.13, 163.35, 171.06, 199.81 
Example 63: 

15 N-Hydroxy-6-(2-naphthoyl)hexanamide (111) 

Following the procedure described in Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for etiiyl-7-iodoheptanoate and 2- 
naphthoyl chloride for benzoyl chloride, and then the resulting carboxylic add 
was substituted for 37 in Example 14, step 3, using 1.1 equivalent of NH^ORHCl 
20 and triethylamine each, to afford the title compound 111 in 55% jdeld. ^H NMR 
(300 MHz, 20% CD3OD in CDCI3): 5 8.47 (s, IH), 8.05-7.50 (m, 6H), 3.12 (br t, 2H), 
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2.15 (br t, 2H), 1.82-1.60 (m, 4H), 1.46 (m, 2H). ""C NMR (75 MHz, 20% CD3OD in 
CDCy: 

823.59, 25.02, 28.36, 32.33, 38.06, 123.40, 126.56, 127.46, 128.21, 128.29, 129.29, 129.6 
0, 132.25, 133.78, 135.37. 171.04, 201.04. 

5 Example 64: 

N-Hydioxy-6-[(2-indolyl)carbonyl]hexanainide (112) 

Following the procedure described in Example 1, step 4, but substituting 
indole-2-carboxyIic add for 5, followed by Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 
10 indole-2-carbonyl chloride for benzoyl chloride, and then the resulting carboxylic 
add was substituted for 37 in Example 14, step 3, using 1.1 equivalent of 
NH^ORHCl and triethylamine each, to afford the title compoimd 112 in 35% 
yield. 'H NMR: (300 MHz, CDCI3) 5 7.62 (m, ZH), 7.2O-7.00 (m, 3H), 2.82 (m, 2H), 
2.00 (m, 2H), 1.62 (m, 2H), 1.22 (m, 4H). 

15 Example 65: 

N-Hydioxy-6-[(2-benzo[b]thiophene)carbonyl]hexanamide(113) 

Following the procedure described in Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 2- 
benzo[b]fhiophene-carbonyl chloride for benzoyl chloride, and then the resulting 
20 carboxylic add was substituted for 37 in Example 14, step 3, using 1.1 equivalent 
of NHjOHHa and triethylamine each, to afford the title compound 113 in 
79%yield. NMR: (300 MHz, CDCy 5 7.60 (m, 2H), 7.20-7.00 (m, 3H), 2.80 (m, 
2H), 2.00 (m, 2H), 1.60 (m, 2H), 1.20 (m, 4H). 
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49ci ijiH^ 

1R-B(0H), (V^ 
W(PPha)«.KaC03 
Toluene /Ethanol 



114: Example 66 



' 116:Ra 



115 

118 :R 



^ 116:Ra 
Q 119:R= Xy 



MeO'^ 
121 :R= ^^J(X 



MeO 

122: Ra 





117 : R = ^ (Example 67) ' " °m oXX <^"'P'* 



Evam ple fifi; 

N-(2-Aininophenyl)-7-(4-bromobenzoyl)heptaiiainide(114) 

Following the procedture described in Example 6, but substituting the 
carboxylic add 50d for the carboxylic add 50g, the title compound 114 was 
obtained in 30% yield. 

•H NMR (300 MHz, 20% CD3OD in CDCI3): 5 7.81 (d, J = 8.1Hz, 2H), 7.59 (d, J = 
8.1Hz, 2H), 7.45 (br s, IH), 7.16-6.73 (m, 3H), 2.92 (t, J = 7.2Hz, 2H), 2.36 (t, J = 
7.2Hz, 2H), 1.73 (m, 4H), 1.41 (m, 4H). "C NMR (75MHz, 20% CD3OD in CDCy : 
5 23.85, 25.49, 28.79, 28.89, 36.68, 38.29, 118.07, 119.36, 124.29, 125.23, 127.06, 

128.05, 129.53, 131.82, 135.60, 140.80, 171.86, 199.37. 
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Example 67: 

N-(2-Aminophenyl)-7-l4-(3-thiophenyl)benzoyl]heptanaim (117) 

Step 1: Ethyl-7-r4"(3-thiophenyDbenzoyl]heptanoate (115) 

To a mixture of 3-thiophene boromc add (383 mg, 3 mmol) and bromoester 
5 49d (1.03 g, 3 mmol) were added anhydrous toluene (30 mL) and ethanol (1.5 mL) 
(20:1, c=1.0M) followed by 2M K^COj aqueous solution (3 mL, 6 mmol). The 
reaction mixture was stirred uonder nitrogen for 30 minutes and then Pd(PPh3)4 
(191 mg, 5mol%, 0.16 mmol) was quickly added. After 24 hours of reflux, the 
mixture was cooled to room temperature, filtered through a pad of Celite and 
10 rinsed with ethyl acetate (50mL). The organic solution was washed with brine (30 
mL), dried (MgSO^), and concentrated. Purification by flash silica gel 
chromatography (10% methanol in dichloromethane) followed by crystallization 
from ethyl acetate afforded the corresponding ester 115 (210 mg, 20% yield) as a 
white solid. 

15 Step 2: 7-f4-f3-ThiophenyDbenzoynheptanoic add (116) 

Following the procediure described in Example 18, step 3, but substituting 
ester 115 for ester 49a, the title compound 116 was obtained in 57% yield. NMR 
(300 MHz, CDClgrCDgOD 5:1): 5 7.87 (d, J = 8.2 Hz, 2H), 7.59 (d, J = 8.2 Hz, 2H), 
7.50 (m, IH), 7.34 (m, 2H), 2.88 (t, J = 7.7 Hz, 2H), 2.21 (m, 2H), 1.64 (m, 2H), 1.53 
20 (m,2H),1.30(m,4H). 

Step 3: N-(2-Aminophenyl)-7-[4-(3-thiophenyl)benzQyllheptanagiide (117) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 116 for caiboxylic add 50g, the titie compoxmd 117 was obtained 
in 55% yield. 'H NMR (300 MHz, CDCl3:CD30D 5:1): 5 7.88 (d, J = 8.7 Hz, 2H), 
25 7.59 (d, J = 8.7 Hz, 2H), 7.50 (m, 2H), 7.34 (m, 2H), 7.08 (m, 3H), 2.90 (m, 2H), 2.37 
(t, J = 7.5 Hz, 2H), 1.65 (m, 4H), 1.35 (m, 4H). 
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Example 68_; 

N-(2-Aininophenyl)-744-(4-bromophenyl)benzoyl]heptanainide hydrochloride 
(123) 

Step 1: Ethyl-7-[4-f4-bromophenyDben2oyl1heptanoate (121) 

5 Following the procedure described in Example 67, step 1, but substituting 

4-bromophenyl boronic acid for 3-thiophene bororuc add, tixs title compovmd 121 
was obtained in 52% yield. 'H NMR (300 MHz, 20% CD3OD in CDCy: 6 8.02 (d, J 
= 8.7 Hz, 2H), 7.75-7.40 (m, 6H), 4.13 (q, J =6.9 Hz, 2H), 3.01 (t, J = 6.9 Hz, 2H), 2.32 
(t, J = 7.2 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.41 (m, 4H), 1.26 (t, J =6.9 Hz, 3H). 

10 Step 2: 7-[4-(4-bromophenyDbenzoyl]heptanoic add (122) 

Following the procedure described in Example 18, step 3, but substituting 
ester 121 for ester 49a, the title compound 122 was obtained in 88% yield. 'H NMR 
(300 MHz, 20% CD3OD in CDO,): 5 7.91 (d, J = 8.7 Hz, 2H), 754 (d, J = 8.7 Hz, 
2H), 7.50-7.37 (m, 4H), 2.89 (t, J = 7.2 Hz, 2H), 2.20 (t, J = 7.5 Hz, 2H), 1.65 (m, 2H), 
15 1.53 (m, 2H), 1.31 (m, 4H). "C NMR (75 MHz, 20% CD3OD in CD,OD) 8 24.00, 

24.50, 28.70(2), 33.77, 38.37, 122.38, 126.83, 128.58(2), 131.85, 135.64, 138.53, 144.27, 
176.33, 200.65. 

Step 3: ]Sr-(2-Aminophenyl)-7-r4- (4-bromophenyl)benzoyllheptanamide 
hydrochloride (123) 

20 Following tiie procedure described in Example 6, but substituting the 

carboxylic add 122 for the carboxylic add 16, the resulting amide was washed 
with IN HQ and then predpitated out affording the title compound 123 in 67% 
yield. 'H NMR (300 MHz, 20% CD,OD in CDCI3): 5 7.97 (d, J = 8.7 Hz, 2H), 7.62- 
7.25 (m, lOH), 2.97 (t, J = 7.5 Hz, 2H), 2.49 (t, J = 7.5 Hz, 2H), 1.72 (m, 4H), 1.40 (m, 

25 4H). 
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Example 69; 

N-Hydn)xy-7-[4-(4-methoxyphenyl)benzoyl]heptanainide (120) 

Step 1: Ethyl>7-r4-(4'mettioxyphenyl)benzoyl1heptanoate (118) 

Following the procediire described in Example 67, step 1, but substituting 
2-methoxyphenyl boronic add for S-thiophene boronic add, the title compoxmd 
118 was obtained in 26% yield. 

Step 2: 7-f4-(4'methoxyphenyDbenzoyllheptanoic add (119) 

Following tiie procedure described in Example 18, step 3, but substituting 
ester 118 for ester 49a, the title compoimd 119 was obtained in 94% yield. NMR 
(CDCl3:CD30D 5:1): 5 7.88 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 8.6 Hz, 2H), 7.47 (d, J = 
8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 2.89 (d, J = 7.5 Hz, 2H), 3.50 (s, 3H), 2.19 (d, J = 
7.5 Hz, 2H), 1.64 (m, 2H), 1.55 (m, 2H), 1.31 (m, 4H). 

Step 3: N-HydrQxy-7-[4-f4-methQxyphenyl)benzoynheptanamide (120) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 119 for 37, and using 1.1 equivalent of NHjOH.HCl and 
triethylamine each, the title compoxmd 120 was obtained in 9% yield. MS (ESI) = 
356 (NffT). 

Example 70: 

N-Hydroxy-7-[4-(4-'bromophenyl)benzoyllheptanamide (124) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 122 for 37 and using 1.1 eqmvalent of NH^OttHQ and 
triethylamine each, the title compoimd 124 was obtained in 41%yield. *H NMR 
(300MHz, DMSO-d6): 6 10.33 (s, IH), 8.66 (s, IH), 8.04-7.70 (m, 8H), 3.04 (m, 2H), 
1.94 (m, 2H), 1.62 (m, 2H), 1.49 (m, 2H), 1.30 (m, 4H). 
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Example 71; 

N-(2-Aminophenyl)-7-[4-(3-pyridyl)benzoyllheptanamide (127) 

Step 1: Ethyl-7-r4-f3-pyridynbenzoynheptanoate (125) 

To a solution of 3-bromop)nidine(728 mg, 4.6 mmol) in dry diethyl ether (9 
mL) at -78°C was added n-BuLi (2.5M solution in hexane, 1.8 mL, 4.5 mmol). The 
reaction mixture was stirred for 20 minutes at 0°C. After a dropwise addition of 
trimethyl borate (0.5 mL, 4.5 mmol) the mixture was stirred for 1 hour at O^'C and 
then a solution of bromoester 49d (1.02 g, 3 mmol) in THF (9 mL) and water (2.3 
mL) containing Pd(PPh3)^ (278mg, 8mol%, 0.27mmol) was added. The reaction 
mixture was refluxed at 70*'C for 24 hours, cooled to room temperature, filtered 
through a pad of Celite and rinsed with ethyl acetate. The solution was extracted 
with ethyl acetate (2 x 30 mL), washed with brine (10 mL), dried (MgSOJ and 
concentrated. Purification by flash silica gd chromatography (1% methanol in 
dichloromethane) afforded the corresponding ester 125 (259 mg, 25% 5aeld) as a 
white soUd. MS (ESI) = 340 (MH"). 

Step 2: 7-rf3-pyridyD-4-benzoyllheptanoic add (126) 

Following the procedure described in Example 18, step 3, but substituting 
ester 125 for ester 49a, the title compound 126 was obtained in 75% yield. 
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Step 3: N'(2-AnunophenylV7-f4'f3'pyridyDben2oyl]heptana^ (127) 

Following the procedure described in Example 22, but substituting 
carboxylic add 126 for carboxylic add 50g, the title compound 127 was obtained 
in 6% yield. NMR (CDCl3:CD30D 5:1): 5 873 (d, J = 2.0 Hz, IH), 8.48 (m, IH), 



5 7.96 (m, 3H), 7.59 (d, J = 8.6 Hz, 2H), 7.42 (m, IH), 7.10 (m, ZH), 6.92 (m, 2H), 2.94 
(t, J = 7.3 Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 1.67 (m, 4H), 1.36 (m, 4H). 



Example 72: 

N-(4,5-Dihydro-5-thioxo.lA4-thiadiazol-2-yl)-6-[(4- 
10 biphenyl)carbonyl]hexanamide (128) 

Following the procedure described in Example 18, step 1, 2, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 4r 
bromobenzoyl chloride for benzoyl chloride, the resulting ester was substituted 
for 49d in Example 67, step 1. Then, following the procedure described in 
15 Example 18, step 3, but substituting the final ester for ester 49a, the resxilting acid 



was substituted for SOg in Example 22, to afford the title compotind 128 in 33% 
yield. 'H NMR (300 MHz, 20% CD3OD in CDCI3): 5 7.97 (d, J = 8.7 Hz, 2H), 7.65- 
7.31 (m, 7H), 2.98 (t, J = 7.2Hz, 2H), 2.39 (t, J = 7.2Hz, 2H), 1.73 (m, 4H), 1.40(m, 
2H). 
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Example 73; 

N-(2-AminophenyI) .6-[(biphenyl)carbonyllhexanaiiude (129) 

Following the procedure described in Example 18, step 1, 2, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 4- 

5 bromobenzoyl chloride for benzoyl chloride, flie resulting ester was substituted 
for 49d in Example 67, step 1. Then, following the procedure described in 
Example 18, step 3, but substituting the final ester for ester 49a, the resulting acid 
was substituted for 50g in Example 22, to afford the title compound 129 in 29% 
yield. NMR (300 MHz, 20% CD3OD in CDCI3): 5 8.01 (d, J = 8.1 Hz, 2H), 7.68 (d, 

10 J = 8,1 Hz, 2H), 7.65-7.35 (m, 5H), 7.20-6.74 (m, 4H), 3.05 (t, J = 7.5 Hz, 2H), 2.44 (t, 
J = 7.5 Hz, 2H), 1.78 (m, 4H), 1.50 (m, 2H). 

Example 74: 

N-(2-Aminophenyl)-8-[(4-biphenyl)carbonyl]octanamide (130) 

Following the procedure described in Example 18, step 1, 2, but 
15 substituting respectively ethyl-8-iodooctanoate for etiiyl-7-iodoheptanoate and 4- 
bromobenzoyl chloride for benzoyl chloride, the resulting ester was substituted 
for 49d in Example 67, step 1. Then, following the procedure described in 
Example 18, step 3, but substituting the final ester for ester 49a, the resulting acid 
was substituted for 50g in Example 22, to afford the title compoimd 130 in 45% 
20 yield. 'H NMR (300 MHz, CDCy : 6 7.87 (d, J = 7.5 Hz, 2H), 7.55 (d, J = 7.5 Hz, 

2H), 7.51-7.20 (m, 5H), 7.05-6.58 (m, 4H), 2.86 (t, J = 7.5 Hz, 2H), 2.24 (t, J = 7,5 Hz, 
2H),1.58- 1.26(m,10H), 
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131 : X= O, Rt = OH (Example 75) 

132:X=0,Ri= ' (E»mpte76) 

133 : X= OH, R, = (f^^"' (Example 77) 
134 : X= NOH, R^ = (T^""' (Example 78) 



135 : X= NOCH3, Ri = 1!^ (Example 79) 
Example 75: 

N-Hydroxy-7-[(3-biphenyl)carbonyl]heptana]nide (131) 

Following tfie procediire described in Example 18, step 1, 2, but 
5 substituting respectively 3-bromobenzoyl chloride for benzoyl chloride, the 

resultiag ester was substituted for 49d in Example 67, step 1. Then, following ihe 
procedure described in Example 18, step 3, but substituting the final ester for ester 
49a, tiie resulting add was substituted in Example 14, step 3, using 1.1 equivalent 
of NHjOH-HQ and triethylamine each, to afford the tilie compoimd 131 in 
10 35%yield. NMR (300 MHz, CDCI3): 5 8.13 (s, IH), 7.88-7.30 (m, 8H), 2.96 (br t, 
2H), 2.17 (m, 2H), 1.77-1.58 (m, 4H), 1.35 (m, 4H). NMR (75 MHz, CDCI3) 
623.93, 2512, 28.71(2), 32.73, 38.48, 126.61, 126.88, 127.08, 127.72, 128.85, 128.99, 
131.58, 137,30, 140.06, 141.57, 171.82, 200.75. 



Example 76; 

15 N-(2-Aminophenyl)-7-[(3-biphenyl)carbonyl]heptanamide (132) 

Following the procedtire described in Bcample 18, step 1, 2, but 
substituting respectively 3-bromobenzoyl chloride for benzoyl chloride, the 
resulting ester was substituted for 49d in Example 67, step 1. Then, foEowing the 
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procedure described in Example 18, step 3, but substituting the final ester for ester 
49a, the resulting add was substituted for 50g in Example 22, to afford the title 
compound 132 in 58% yield. 'H NMR (300 MHz, CDCI3): 5 8.15 (s, IH), 8.08 (s, 
IH), 7.88-7.30 (m, 8H), 7.20-6.62 (m, 4H), 2.99 (t, J = 7.2 Hz, 2H), 2.28 (t , J = 7.5 Hz, 
5 2H), 1.77-1.58 (m, 4H), 1.36 (m, 4H). ''C NMR (75 MHz, CDCI3) 823.85, 25,39, 28.71, 
28.79, 36.30, 38.33, 117.49, 118.72, 124.00, 125.38, 126.38, 126.67, 126.74, 126.89, 
127.56, 128.70, 128.84, 131.35, 137.21, 139.87, 140.90, 141.38, 172.14, 200.35. 

Example 77; 

N-(2-Aminophenyl)-8-(3-biphenyl)- 8-hydroxy-octanamide (133) 

10 To a suspension of NaBH^ (28.4mg, 0.75mmol) in THF (4mL) at -20'C was 

added a solution of ketone 132 (300mg, 0.75mmol) in THF (ImL), followed by 
addition of methanol (ImL). After being stirred at O^C for 2 hours, the reaction 
was quenched by adding water (ImL). The solvent was removed under reduced 
pressure, and the resulting residue was tiien partitioned between ethyl acetate 

15 and water. After drying the combined orgarac phase (MgSO J and concentration, 
the crude was purified by flash chromatography using ethyl acetate as an eluent 
to give the titie compound 133 (260mg, 86% yield). 'H NMR (300MHz, CDCI3): 
5 7.62 (s, IH), 7.62-7.30 (m, 8H), 7.20-6.66 (m, 4H), 4.70 (br t, IH), 2.35 (t, J = 7.2 Hz, 
2H), 2.00-1.3 (m,10H). 

20 Example 78; 

N-(2-Armnophenyl)-8-(E)-oximino-8-(3-biphenyl)octanamide(£-134) 

A mbcture of 132 (lOOmg, 0.25mmol) and NH^OH • HCl (70mg, l.Ommol) in 
p5mdine (0.4mL) was heated at 50°C for 16 hours. The pyridine was then 
removed under reduced pressure and the resulting residue was partitioned 
25 between ethyl acetate and water. After drying tiie combined organic phase 
(MgSOJ and concentration, the crude was purified by flash chromatography 
using ethyl acetate as an eluent to give the titie compound 134 (81mg, 78% yield) 
as a mixture of E and Z isomer in a ca 5 : 1 ratio. ^H NMR for a major E isomer 
(300 MHz, CDCI3): 5 9.25 (br s, IH), 7.80 (m, IH), 7.62-7.35 (m, 8H), 7.20-6.62 (m, 
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4H), 3.82 (br s, 2H), 2.85 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 1.68 (m, 2H), 
1.59 (m,2H), 1.39 (m,4H). 

Example 79: 

N-(2-Aininophenyl)-8-(E)-0-methyl-oxinuno-8-(3-biphe (E-135) 

5 Following the procedure described m Example 78, but substituting 

N-methoxylamine • HCl for N-hydroxylamine • HQ, tiie title compoimd 135 was 

obtained in 57% peld as a mixture of E and Z isomer in a ca 3 : 1 ratio. NMR 
for a major E isomer (300 MHz, CDCI3): 

6 7.84 (m, IH), 7.62-7.31 (m, 8H), 7.22-6.75 (m, 4H), 3.99 (s, 3H), 3.80 (br s, 2H), 
10 2.78 (t, J = 7.5 Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.57 (m, 2H), 1.39 (m, 
4H). 

g WBINAP Pd2(dba)3 O 



49d CS2CO3A0I t 



I 



1N-NaOH 
THF/MeOH 



0 

"K^JCI^ O ^mOHMO 137 ° 



138 EtgN 



138a : R, R2N = (Qf^" (Example 80) 138e : RiRjN = ^^^m (^""P'" 

138b : R,R,N = (Qf''^^ (Example 81) "^"^^ = Q^'" ^'^^^ «^ 

13BC1 : R1R2N =)^o^'W (Example 82a) ,33^ . p ^ O'C" (Example 86) 

138C2 : R,R2N s ""''w'* (Example 82b) ,33 ^ . = (Example 87) 

138d : RnRaN = (Example 83) 138 i : R^RaN = (^"P"® ®®> 
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Example 80: 

N-Hydroxy-7-[4-(2V-phenyl)benzoyl]heptanamide(138a) 

Step 1: Eihyl-7-r4-fN-phenynbenzoynheptaiioate fl36a) 

To a mixture of bromoester 49d (171 mg, 0.5 mmol), Pd^(dba)3(9.2 mg, 0.01 mmol), 
5 BINAP (12.4 mg, 0.032 imnol), and Cs^COj (228 mg, 0.7 mmol) dissolved in dry 
toluene (2 mL), was added aniline (56 mg, 0.6 mmol). The reaction mixture was 
degassed for 10 minutes by bubbling with nitrogen stream and then heated at 
100°C imtil TLC showed no starting material 49d (ca 20-30 hours). After cooling to 
room temperature, the reaction mixture was partitioned between ethyl acetate 
10 and water and then the combined organic layers were dried (MgSO^), and 
concentrated. Purification by flash chromatography using ethyl acetate and 
hexane as eluents gave the title compound 136a in 45% yield. *H NMR (300 MHz, 
CDCl,): 5 7.86 (d, J = 9.0 Hz, 2H), 7.36-6.98 (m, 7H), 6.30 (s, IH), 4.11 (q, J = 7.2 Hz, 
2H), 2.87 (t, J = 7.5 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.37 
15 (m, 4H), 1.25 (t, J = 7.2Hz, 3H). NMR (75 MHz, CDCy 

6 14.18, 24.53, 24.77, 28.92, 19.01, 34.24, 37.88, 60.12, 114.40, 120.48, 123.1, 128.65, 12 
9.41, 130.26, 140.67, 148.20, 174.77, 198.63. 

Step 2: 7-[4-fN-phenyDbenzoyl]heptanoic acid (137a) 

Following the procedure described in Example 18, step 3, but substituting 
20 ester 136a for ester 49a, the title compound 137a was obtained in 95% yield. *H 
NMR (300 MHz, CDCy: 5 7.85 (d, J = 9.0 Hz, 2H), 7.36-7.17 (m, 4H), 7.05 (m, IH), 
7.00 (d, J = 9.0 Hz, 2H), 3.95 (br s, IH), 2.88 (t, J = 7.5Hz, 2H), 2.30 (t, J = 7.5 Hz, 
2H), 1.72 -1.58 (m, 4H), 1.38 (m, 4H). "C NMR (75 MHz, CDCI3) 
5 24.56, 24.58, 28.77, 28.90, 33.82, 

25 33.80, 114.14, 120.29, 122.87, 128.01, 129.27, 130.30, 140.63, 148.52, 176.68, 199.47. 

Step 3: N-(HydroxyV 7-[4-(N-phenyDbenzoyl1heptanamide (138a) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 137a for 37, and using 1.1 equivalent of NHjOH-HQ and 
trietiiylamine each, the title compotmd 138a was obtained in 43% yield. *H NMR 
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(300 MHz, 20% CD3OD in CDCy : 5 7.85 (d, J = 8.7 Hz, 2H), 7.36-7.00 (m, 7H), 2.89 
(t, J = 7.2Hz, 2H), 2.10 (t, J = 7.5 Hz, 2H), 1.72 -1.58 (m, 4H), 137 (m, 4H). ""C NMR 
(75MHz,20%CD,ODinCDa3) ' 
6 24.48, 25.03, 28.55, 28.62, 32.50, 37.62, 113.94, 120.22, 122.73, 

5 127.54, 129.15, 130.28, 140.63, 148.86, 171.12, 199.83. 
Example 81; 

N-Hydroxy-7-[4-(N-methyl'-N-phenyl)benzoyl]hepta]iaitude (138b) 

Step 1: Ethyl-7-r4-r]Sy-me1hyl-N-phenynbenzoyllheptanoate (136b^ 

Following the procedure described in Example 80, step 1, but substituting 
N-methylaniline for aniline, the title compound 136b was obtained in 11% 5deld. 
'H NMR (300 MHz, CDCI3): 6 7.81 (d, J = 9.3 Hz, 2H), 7.39 (m, 2H), 7.21 (m, 3H), 
6.74 (d, J = 9.3 Hz, 2H), 4.11 (q, J = 7.2 Hz, 2H), 3.36 (s, 3H), Z85 (t, J = 7.5 Hz, 2H), 
2.28 (t, J = 7.5 Hz, 2H), 1.74-1.56 (m, 4H), 1.36 (m, 4H), 1.24 (t, J = 7.2 Hz, 3H). "^C 
NMR (75 MHz, CDCl,) 5 14.20, 24.63, 24.76, 28.92, 29.02, 34.23, 37.79, 40.11, 60.07, 
113.50, 125.45, 125.94, 126.88, 129.75, 129.83, 147.23, 152.46, 173.70, 198.61. 

Step 2: 7-f4-f-(N-methyl-N-phenyl)benzoynheptanoic add fl37b) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136b for ester 49a, the title compound 137b was obtained in 95% jrield. 'H 
NMR (300 MHz, CDCI3): 5 7.81 (d, J = 9.3 Hz, 2H), 7.40 (m, 2H), 7.21 (m, 3H), 6.75 
20 (d, J = 9.3 Hz, 2H), 3.37 (s, 3H), 2.86 (t, J = 7.5 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.78- 
1.56 (m, 4H), 1.38 (m, 4H). "C NMR (75 MHz, CDCI3) 5 24.47, 24.67, 28.83, 28.98, 
33.92, 37.79, 40.13, 113.48, 125.51, 125.99, 126.77, 129.77, 129.92, 147.21, 152.53, 
179.51, 198.9Z 

Step 3: N-Hydroxy- 7-f4-fN-methyl-N-phenyDberLzoyl]heptanamide fl38b^ 

25 Following the procedtire described in Example 14, step 3, but substituting 

carboxylic add 137b for 37, and vising 1.1 equivalent of NH,OH.Ha and 
triethylamine each, the title compoimd 138b was obtained in 37% yield. *H NMR 
(300 MHz, 20% CD,OD in CDCl,): 6 7.74 (d, J = 9.0 Hz, 2H), 7.36 (m, 2H), 7.17 (m, 
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3H), 6.68 (d, J = 9.0 Hz, 2H), 3.31 (s, 3H), 2.80 (t, J = 7.2 Hz, 2H), 2.03 (t, J = 7.2 Hz, 
2H), 1.70-1.50 (m, 4H), 1.30 (m, 4H). ""C NMR (75 MHz, 20% CDjOD in CDCy 5 
24.53, 25.01, 28.53, 28.60, 32.47, 37.57, 38.87, 113.10, 125.55, 125.96, 126.03, 129.62, 
129.87, 146.85, 152.67, 171.14, 199.83. 

5 Example 82a: 

N-Hydroxy-7-[4-(l-(4-tert^-butyloxycarbonylpipeiazinyl))be]izoyl]heptai^^ 
(138cl) 

Step 1: Ethyl-7-f4-(l-(4-tg?'^butyloxycarbonylp ippra7.iriy n)benzoyl1heptanoate 
fl36cl^ 

10 Following the procedure described in Example 80, step 1, but substituting 

1-butyloxycarbonylpiperazine for aniline, the title compound 136cl was obtained 
in 14% yield. 'H NMR (300MHz, CDCy : 5 7.88 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 
Hz, 2H), 4.12 (q, J = 7.2Hz, 2H), 3.58(in, 4H), 3.32(m, 4H), 2.87(t, J = 7.5Hz, 2H), 
2.28(t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.49 (s, 9H), 1.38 (m, 4H), 1.25 (t, J 

15 = 7.2 Hz, 3H). "C NMR (75 MHz, CDCy 

8 14.15, 24.48, 24.73, 28.31, 28.89, 28.97,34.20, 37.85, 

42.30, 47.30, 60.06, 80.03, 113.71, 127.74, 130.02, 153.77, 154.54, 173.68, 198.66. 
Step 2: 7-r4-(l-(4-fgrf-butyloxycarbonylpiperazinyl^^benzoyllheptanoic add 

20 Following the procedtire described in Example 18, step 3, but substituting 

ester 136cl for ester 49a, the title compoimd 137cl was obtained in 93% yield. *H 
NMR (300MHz, CX)Cl3): 5 7.88 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 9.0 Hz, 2H), 3.58 (m, 
4H), 3.33 (m, 4H), 2.88 (t, J = 7.5 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.74-1.58 (m, 4H), 
1.49 (s, 9H), 1.39 (m, 4H). ""C NMR (75 MHz, CDCI3) 

25 8 24.47, 28.30(2), 28.79, 28.92,33.87, 

37.81,42.40.47.24,80.16, 113.69, 127.63, 130.06, 153.75, 154.61, 179.01. 198.86. 
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Step 3: N-Hydroxv-7-r4-a-(4rter^butyloxycarbonylpiperazmy^^ 
heptanamide (138cl) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 137cl for 37, and using 1.1 eqmvalent of NI^OH-HQ and 

5 triethylamine each, the title compound 138cl was obtained in 46% jdeld. NMR 
(300 MHz, 20% CD3OD in CDCy : 5 7.76 (d, J = 9.0 Hz, ZH), 6.76 (d, J = 9.0 Hz, 
2H), 3.48 (m, 4H), 3.24 (m, 4H), 2.77 (t, J = 6.9 Hz, Zfi), 1,98 (t, J = 7.2 Hz, 2H), 1.70- 
1.48 (m, 4H), 1.37 (s, 9H), 1.25 (m, 4H). ""C NMR (75 MHz, 20% CD3OD in CDCI3) 
5 24.39, 25.03, 28.04, 28.56, 28.61, 32.50, 37.67, 42.93, 46.96, 80.35, 113.51, 127.11, 130 

10 .07, 153.81, 154.73, 171.06, 198.87. 

Example 82b: 

N-Hydroxy-7-[4-(l-(piperazinylDbenzoyl]heptanamide (138c2) 

To a stirred solution of 138cl (56 mg, 0.129 mmol) in dichloromethane(0.5 
mL) at room temperature was added trifluoroacetic add (0.2 mL, 2,6 mmol). After 

15 being stirred at room temperature for 30 minutes, the reaction mixture was 
concentrated imder reduced presstire. The residue obtained was dissolved in 
water (2 mL), neutralized with saturated aqueous sodium bicarbonate solution (2 
mL), extracted with ethyl acetate and then with 10% methanol in chloroform. The 
combined organic layers were dried and concentrated imder reduced pressure to 

20 give the title compound 138c2 (20 mg, 46% yield). 'H NMR (300MH2, 20% CD3OD 
in CDCy: S 7.75 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 8.4 Hz, 2H), 3.24 (m, 4H), 2.91 (m, 
4H), 2.77(t, J = 7.2 Hz, 2H), 2.28 (t, J = 6.6 Hz, 2H), 1.58 (m, 4H), L25 (m, 4H). 

Example 83: 

N-Hydroxy-7-[4-(N-2-aminopyridyl)benzoyllheptanamide (138d) 

25 Step 1: Ethyl-7"[4-^N-2-anunopyridyl)benzoyl]heptanoate (136d) 

Following the procedure described in Example 80, step 1, but substitutrag 
2-amLinopyridine for aniline, tiie title compotmd 136d was obtained in 40% 3n[eld. 
'H NMR (300 MHz, CDCI3): 6 8.28 (dd, J = 8.1, 1.2 Hz, IH), 7.93 (d, J = 8.7 Hz, 2H), 
7.57 (m, IH), 7.48 (d, J = 8.7 Hz, 2H), 7.17 (s, IH), 6.93 (m, IH), 6.84 (m, IH), 5.39 (t, 
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J = 5.7 Hz, IH), 4.12 (q, J = 7.2 Hz, 2H), 2.90 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 Hz, 
2H), 1.78-1.56 (m, 4H), 1.38 (m, 4H), 1.25 (t, J =7.2 Hz, 3H). "^C NMR (75 MHz, 
CDCy 5 14.21, 24.43, 24.78, 28.94, 29.00, 34.26, 38.04, 60.15, 110.40, 11632, 117.19, 
129.86, 130.27, 137.77, 145.24, 148.23, 15445, 173.78, 198.92. 

5 Step 2: 7-f4-rN-2-aminopyridynbenzoyllheptanoic add CiSVd) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136d for ester 49a, the title compound 137d was obtained in 95% yield. *H 
NMR (300 MHz, CDCI3): 6 7.85 (d, J = 9.0 Hz, 2H), 7.36-7.17 (m, 4H), 7.05 (m, IH), 
7.00 (d, J = 9.0 Hz, 2H), 3.95 (br s, IH), 2.88 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 Hz, 
10 2H), 1.72 -1.58 (m, 4H), 1.38 (m, 4H). "C NMR (75 MHz, CDCI3) 
5 24.56, 24.58, 28.77, 28.90,33.82, 

33.80, 114.14, 120.29, 122.87, 128.01, 129.27, 130.30, 140.63, 148.52, 176.68, 199.47. 

Step 3: N-Hydroxy -7-f4-fN-2-aminopyridyl)ben2oyl1heptanaimde fl38d) 

Following the procedure described in Example 14, step 3, but substituting 
15 carboxylic add 137d for 37, and vising 1.1 equivalent of NHjOHJiCl and 

triediylamine each, the title compound 138d was obtained in 11% yield. ^H NMR 
(300 MHz, DMSO-dJ: 5 8.61 (br s, IH), 8.20 (m,lH), 7.95-6.80 (m, 6H), 2.88 (t, J = 
7.5 Hz, 2H), 1.91 (t, J = 7.5 Hz, 2H), 1.68-1.40 (m, 4H), 1.26 (m, 4H). ''C NMR (75 
MHz, CDCy 24.27, 25.16, 28.59(2), 32.37, 37.41, 111.96, 115.80, 116.62, 128.70, 
20 129.54, 137.81, 146.344, 147.43, 155.16, 169.43, 198.48. 

Example 84: 

N-Hydroxy-7-[4-(N-2-aminothiazolyl)benzoyl]heptanamide (138e) 

Step 1: Ethyl-7-[4-(N-2-aminothiazolyl)ben2oyl1heptanoate fl36e) 

Following tixe procedure described in Example 80, step 1, but substituting 
25 2-aminothiazole for aniline, tiie title compoxmd 136e was obtained in 76% peld. 
'H NMR (300 MHz, CDO,): 8 10.05 (br s, IH), 7.97 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 
8.7 Hz, 2H), 7.39 (d, J = 3.6 Hz, IH), 6.75 (d, J = 3.6 Hz, IH), 4.13 (q, J = 7.2 Hz, 7H), 
2.92 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 1.78-1.56 (m, 4H), 1.38 (m, 4H), 1.26 
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(t J =7.2 Hz, 3H). NMR (75 MHz, CDCQ 5 14.07, 24.24, 24.64, 28.79, 28.84, 
34.12, 37.95, 60.08, 108.66, 115.90, 129.90, 130.35, 138.23, 144.74, 163,98, 173.75, 
198.88. 

Step 2: 7-f4-(N-2-aminothiazolynbenzoyl]heptanoic add (137e) 

5 Following the procedure described in Example 18, step 3, but substituting 

ester 136e for ester 49a, the tide compound 137e was obtained in 98% yield. 
NMR (300MHz, 20% CD3OD in CDOj): 5 7.44 (d, J = 9.0 Hz, 2H), 7.62 (d, J = 9.0 
Hz, 2H), 7.30 (d, J = 3.6 Hz, IH), 6.83 (d, J =3.6 Hz, IH), 2.96 (t, J = 7.5 Hz, 2H), 2.30 
(t, 2H, 7.5 Hz, 2H), 1.73 (m, 2H), 1.64 (m, 2H), 1.41 (m, 4H). ""C NMR (75 MHz, 20% 

10 CDjODinCDClj): 

523.86, 24.02,28.21(2), 33.18, 37.23, 108.65, 115.35, 129.20(2), 137.81, 

145.08. 163.90, 175.84, 199.74. 

Step 3: N-Hydroxy-7-f4-rN-2-aminQthiazolyl1benzoyl1heptanamide (t38e) 

Following the procedure described in Example 14, step 3, but substituting 
15 carboxylic add 137e for 37, and tising 1.1 equivalent of NHjOH JIQ and 

triethylamine each, the title compovind 138e was obtained in 28% yiAd. 'H NMR 
(300 MHz, 20% CD3OD in CD3OD): 5 7.88 (d, J = 8.7 Hz, 2H), 7.63 (d, J = 8.7 Hz, 
2H), 7.25 (d, J = 3.3 Hz, IH), 6.71 (d, J = 3.3 Hz, IH), 2.87 (t, J = 6.9 Hz, 2H), 2.04 (t, 
J = 7.5 Hz, 2H), 1.72-1.50 (m, 4H), 1.31 (m, 4H). ""C NMR (75 MHz, 20% CD3OD in 
20 CDCg 8 24.24, 25.03, 28.58(2), 33.52, 37.83, 108.94, 115.92, 129.83, 138.21, 145.08, 
171.10, 199.97. 

Example 85; 

N-Hydw)xy-7-[4-(INr-3-aminomethylpyiidyl)benzoyl]heptanamide(138f) 

Step 1: Ethyl-7-r4-fN-3-aminomethylpyridyl)benzoyIlheptanoate (136£) 

25 Following the procedure described in Example 80, step 1, but substituting 

3-aminomethylpyridine for aniline, the title compoimd 136f was obtained in 61% 
yield. *H NMR (300 MHz, CDCI3): 5 8.58 (br s, IH), 8.50 (d, J = 3.9 Hz, IH), 7.00 (d, 
J = 8.7 Hz, 2H), 7.65 (m, IH), 7.24 (dd, J = 7.5, 1.5 Hz, IH), 6.58 (d, J = 8.7 Hz, 2H), 
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5.39 (t, J = 5.7 Hz, IH), 4.42 (d, J = 5.7 Hz, 2H), 4.12 (q, J = 7.2 Hz, 2H), 2.82 (t, J = 
7.5 Hz, ZH), Z28 (t, J = 7.5 Hz, 2H), 1.74-1.56 (m, 4H), 1.35 (m, 4H), 1.24 (t, J =7.2 
Hz, 3H). NMR (75 MHz, CDCy 6 14.01, 24.44, 24.58, 28.73, 28.83, 34.03, 37.54, 
44.69, 59.92, 111.47, 123.37, 126.53, 130.24, 133.90, 134.74, 148,51, 148.68, 151.46, 
5 173.56, 198.44 

Step 2: 7-]4r( N-3-ammc«methylpyridyDbenzoynheptanoic add f 137fl 

Following the procedtire described in Example 18, step 3, but substituting 
ester 136£ for ester 49a, the title compotmd 137f was obtained in 83% yield. 'H 

NMR (300 MHz, 20% CD3OD in CDCI3): 5 8.52 (br s, IH), 8.54 (d, J = 3.9 Hz, IH), 
10 7.79 (d, J = 9.0 Hz, 2H), 7.70-7.24 (m, 3H), 6.59 (d, J = 9.0 Hz, 2H), 4.40 (s, 2H), 2.84 
(t, J = 7.5 Hz, 2H), 2.28 (t, J = 7.5 Hz, 2H), 1.74-1.54 (m, 2H), 1.37 (m, 4H). 

Step 3: N-Hydroxy-7-r4-(N-3-aminomethylpyridynbenzoyllhept anamide flSSfl 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 137f for 37, and using 1.1 eqviivalent of NHjOHHCl and 

15 trietiiylamine each, tiie titie compound 138£ was obtained in 46% yield.*H NMR 
(300 MHz, 20% CD3OD in CDO,): 8 8.46 (m, IH), 8.38 (m, IH), 7.71 (d, J = 8.7 Hz, 
2H), 6.66 (m, IH), 7.25 (m, IH), 6.51 (d, J = 8.7 Hz, 2H), 4.38 (m, 2H), 2.76 (t, J = 7.2 
Hz, 2H), ZOO (t, J = 7.2 Hz, 2H), 1.66-1.44 (m, 4H), 1.26 (m, 4H). "C NMR (75 MHz, 
20%CD3ODinCX)C]3) 

20 8 24.55, 25.01, 28.52, 28.59, 32.48, 37.49, 44.33, 111.44, 123.78, 126.00, 130.47, 

134.64, 135.49, 147.76, 147.90, 151.85, 171.07,199.83. 
Example 86; 

N-Hydioxy-7-[4r(l-(4-phenylpiperazinyl))benzoyllheptanamide(138g) 

Step 1: Ethyl-7-f4r(l-(4-pheny 1pi perazinvDlbenzoyl1he ptanoate fl36g^ 

25 Following tih.e procedure described in Example 80, step 1, but substituting 

1-phenylpiperazine for aniline, the titie compound 136g was obtained in 32% 
yield. 'H NMR (300 MHz, CDCa,): 8 7.90 (d, J = 9.0 Hz, 2H), 7.33-7.26 (m, 3H), 6.97 
(m, 2H), 6.92 (d, J = 9.0 Hz, 2H), 4.12 (q, J = 7.2 Hz, 2H), 3.51 (m, 4H), 3.34 (m, 4H), 
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2.88 (t, J = 7.5 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.49 (s, 
9H), 1.38 (m, 4H), 1.25 (t, J = 7.2 Hz, 3H). NMR (75 MHz, CDCy 
814.23,24.59,24.82,28.98, 

29.07, 34.29,37.93, 47.48. 49.06, 60.15, 113.62, 116.31, 120.27, 127.68, 129.22, 130.10, 1 
5 50.93, 153.89, 173.78, 198.78. 

Step 2; 7-[4-(l-f4-phenylpip «»ra7.in yl))benzoyl1heptanoic add (137g ) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136g for ester 49a, the title compound 137g was obtained in 96% 5deld. 'H 
NMR (300 MHz, CDCl,): 6 7.79 (d, J = 9.0 Hz, 2H), 7.25-7.17 (m, 3H), 6.89-6.78 (m, 
10 5H), 6.92 (d, J = 9.0 Hz, 2H), 3.41 (m, 4H), 3.24 (m, 4H), 2.89 (t, J = 7.5 Hz, 2H), 2.35 
(t, J = 7.5 Hz, 2H), 1.73 (m, 2H), 1.65 (m, 2H), 1.28 (m, 4H), ''C NMR (75 MHz, 
CDO^ 

5 24.52, 24.57, 28.88, 29.02, 33.84, 37.90, 47.46, 49.10, 113.64, 116.37, 120.34. 127.64, 
129.23, 130.14, 150.91, 153.91, 179.02, 198.88. 

15 Step 3: N-Hydroxy-7-f4-(l-f4rphenylpiperazinyl'>'>benzoyl1heptanamide (138g) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 137g for 37, and using 1.1 equivalent of NHjOH.HCl and 
triethylamine each, the title compound 138g was obtained in 38% yield. *H NMR 
(300MHz, 20% CD3OD in CDCy: 5 7.79 (d, J = 8.7 Hz, 2H), 7.19 (m, 2H), 6.89-6.78 
20 (m, 5Ei), 3.41 (m, 3.24 (m, 4H), 2.78 (t, J = 7.5 Hz, 2H), ZOO (t, J = 7.5 Hz, 2H), 
1.66-1.46 (m, 4H), 1.26 (m, 4H), ''C NMR (75 MHz, 20% CX>30D in CDCU 
8 24.40. 25.03, 28.61(2). 32.48, 37.65, 47.06, 48.96, 113.35, 116.24, 120.22, 126.89, 128.9 
8, 130.06, 150.65, 153.89. 171.11, 199.86. 
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Example 87; 

N-Hydroxy-7-[4-(l-pipe]idinyl)benzoyl]heptanaiiiide (138h) 

Step 1: Ethyl-7-(4-(l-piperidinyl')benzoyl]heptai\oate (ISSh) 

Following die procedure described in Example 80^ step 1, but substituting 
5 1-piperidine for aniline, the tide compoimd 136h was obtained in 40% yield. *H 
NMR (300 MHz, CDCl,): 5 7.81 (d, J = 9.0 Hz, 2H), 6.80 (d, J = 9.0 Hz, 2H), 4.07 (q, 
J = 7.2 Hz, 2H), 3.30 (m, 4H), 2.81 (t, J = 7.5 Hz, 2H), 2.24 (t, J = 7.5 Hz, 2H), 1.74r 
1.56 (m, lOH), 1.20 (m, 4H), 1.24 (t, J =7.2Hz, 3H). ""C NMR (75 MHz, CDCI3) 8 
14.23, 24.32, 24.28, 24.81, 25.32, 28.97, 29.07, 34.28, 37.79, 48.58, 60.11, 113.26, 
10 126.40,130.13,154.29,173.77,198.63. 

Step 2: 7-f4-(l-piperidinyl)benzoyl1heptanoic add fl37h) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136h for ester 49a, the title compovmd 137h was obtained in 98% 3aeld. 'H 
NMR (300 MHz, CDCI3): 5 7.84 (d, J = 9.0 Hz, 2H), 6.84 (d, J = 9.0 Hz, 2H), 3.35 (m, 
15 4H), 2.86 (t, J = 7.5 Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 1.74-1.56 (m, lOH), 1.20 (m, 
4H). "C NMR (75 MHz, CDC13) 6 24.25, 24.46, 24.65, 25.24, 28.81, 28.97, 33.92, 
37.71, 48.53, 113.24, 126.25, 130.17, 154.27, 179.53, 198.87. 

Step 3: N-Hydroxy-7-r4rf l-piperidinyPbenzoyllheptanamide flSSh) 

Following the procedure described in Example 14, step 3, but substituting 
20 carboxjrlic add 137h for 37, and using 1.1 equivalent of NHjOHHa and 

triediylamine each, the title compoimd ISSh was obtained in 45% yield. *H NMR 
(300 MHz, 20% CD3OD in CDO,): 5 7.71 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 8.7 Hz, 
2H), 3.23 (m, 4H), 2.74 (t, J = 7.2 Hz, 2H), 1.98 (t, J = 6.6 Hz, 2H), 1,54 (m, lOH), 1.24 
(m, 4H). "C NMR (75 MHz, 20% CD3OD in CDC13) 5 24.00, 24.50 24,99(2), 28.49, 
25 28.58, 32.43, 37.49, 48.23, 112.96, 125.55, 130.11, 154.25, 171.15, 199.72. 
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Example 88; 

N'-HydToxy-7-[4'(N-inorpholinyl)benzoyl]heptanamide (138i) 

Step 1: Ethyl-7-[4-(N-inorpholinyDbenzoyllheptanoate (1Z6i) 

Following the procedure described in Example 80, step 1, but substituting 
5 morpholine for aniline, Ihe title compotind 1361 was obtained in 43% yield. 

NMR (300 MHz, CDCl,): 8 7.90 (d, J = 9.0 Hz, ZH), 6.87 (d, J = 9.0 Hz, 2H), 4.12 (q, J 
= 7.2 Hz, ZH), 3.87 (m, 4H), 3.30 (m, 4H), 2.88 (t, J = 75 Hz, 2H), 2.29 (t, J = 7.5 Hz, 
2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.38 (m, 4H), 1.25 (t, J = 7.2Hz, 3H). NMR (75 
MHz,CDCl3) 

10 8 14.21, 24.52, 24.78, 28.94, 29.03, 34.25, 37.90, 47.53, 60.12, 113,29, 127.90, 130.01, 
154.06, 173.74. 198.75. 

Step 2: 7-[4-(N-morpholinyl')benzoyl1heptanoic acid (137i) 

Following the procedure described in Example 18, step 3, but substituting 
ester 1361 for ester 49a, the title compotmd 1371 was obtained in 93%yield. *H 
15 NMR (300 MHz, CDO,): 8 7.89 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 Hz, 2H), 3.85 (m, 
4H), 3.29 (m, 4H), 2.87 (t, J = 7.5 Hz, 2H), 2.33 (t, J = 7.5 Hz, 2H), 1.76-1.58 (m, 4H), 
1.38 (m, 4H). "C NMR (75MHz, CDCy 
8 24.48, 24.51, 28.85, 28.98, 33.90, 37.88, 47.51, 66.51, 

113.32, 127.86, 130.06, 154.09, 179.41, 198.9.2. 

20 Step 3: N-Hydroxy-7-f4r(N-morpholinyDbenzoyl1heptanamide (1381) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 1371 for 37, and using 1.1 equivalent of NH20H.Ha aiui 
trietiiylamine each, the titiie compound 1381 was obtained in 34% yield. *H NMR 
(300 MHz, 20% CD3OD in CDCl,): 8 7.89 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 Hz, 
25 2H), 3.87 (m, 4H), 3.33 (m, 4H), 2.90 (t, J = 7.2 Hz, 2H), 2.11 (t, J = 7.2 Hz, 2H), 1.76- 
1.58 (m, 4H), 1.37 (m, 4H). NMR (75 MHz, 20% CDpD in CDO,) 
8 24.34. 25.00, 28.53, 28.58, 32.46, 37.64, 47.15, 66.28, 113.08, 127.20, 129.97, 154.07, 1 
71.13, 199.87. 
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1. n-BuU 



2. PdCl2(PPh3)2. 




1N-NaOH 
iTHF/MeOH 




EDC. HOBt 

141 0 Eysj 140 



141a1 : Ar= fj (Example 89a) 
14182 : Ar= (Example 89b) 



141b : Afc iT^Ol^^ i^^^^P^^ 



Example 89: 

N-Hydroxy-7-[(3-pyridyl)carbonyllheptanamide (141al) 

Step 1: Me1hyl-7-r3-fpyridyncarbonyl1hepta nQate fl39al) 

5 i) Preparation of tin compound 

To a stirred solution of 3-broinopyridine (1-58 g, 10 mmol) in anhydrous 
ethyl ether (lOOmL) at -78°C was added n-butyl lithium (1.6M in hexane, 7.5 mL) 
via a syringe, and the resulting solution was stirred at -78**C for 10 minutes. 
Trimethyltin chloride (2.39 g, 12 mmol) was then added, and the mixture was 
10 stirred at -78°C for 20 minutes, and then warmed to room temperature over 1 
hour. The reaction mixture was diluted with hexanes (30mL) and washed witti 
water. The orgamc phase was dried and concentrated to give the crude product 
which was purified by vacuum distillation (125 ''C at 15-20 mmHg) to give 3- 
trimethylstannyl pyridine (1.93 g, 80% yield). 

15 iOStille coupling 

A mixture of 3-trimethylstannyl pyridine (from i) (1.89 g, 7.81 mmol) and 
methyl 8-chloro-8-oxooctanoate in benzene (20mL) was heated overnight at reflux 
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in the presence of PdClj(PPh3)2 (274 mg, 0.39 mmol). After cooling to room 
temperature, the reaction mixture was partitioned between ethyl acetate and ; 
water. The combined organic layers were dried, and concentrated. Purificatipn by 
flash chromatography (ethyl acetate / hexane = 1/1) gave the desired prodt^ct 
5 139al (1.15 g, 59 % yield) as a Ught yellow soHd. 'H NMR (300 MHz, CD3OD); 
5 9.16 (d, J = 1.8 Hz, IH), 8.77 (dd, J = 4,8, 1.8 Hz, IH), 8.23 (m, IH), 7.43 (dd, J = 
7.8, 4.8 Hz, IH), 3.67 (s, 3H), 2.99(t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.5 Hz, 2H), 1.77 (m, 
2H), 1.65 (m, 2H), 1.41 (m, 4H). ^'C NMR (75 MHz, CDCI3) 5 23.66, 24.66, 28.78, 
28.84, 33.89, 38.67, 51.41, 123.58, 132.11, 135.27, 149.54, 153.31, 174.06, 198.96. . 

10 Step 2: 7-f3-(pyridyl)carbonyl]heptanoic acid (140al) 

Following the procedure described in Example 18, step 3, but substituting 
ester 139al for ester 49a, the title compound 140al was obtained in 98% yield. ^H 
NMR (300 MHz, 20% CD3OD in CD3OD): 5 9.12 (d, J = 1.8 Hz, IH), 8.74 (dd, J = 
4.8, 1.8 Hz, IH), 8.30 (m, IH), 7.50 (dd, J = 7.8, 4.8 Hz, IH), 3.02 (t, J = 7.5 Hz, 2H), 
15 2.32 (t, J = 7.5 Hz, 2H), 1.77 (m, 2H), 1.65 (m, 2H), 1.41 (m, 4H). ""C NMR (75 MHz, 
20% CD3OD in CD3OD) 8 23.00, 24.01, 28.12, 28.18, 33.30, 38.09,123.42, 131.81, 
135.37, 148.39, 152.13, 175.80, 198.76. 

Step 3: N-Hydroxy- 7-f3-fpyridylkarbonyl1heptanamide fl41al) 

Following the procedure described in Example 14, step 3, but substituting 
20 carboxylic acid 140al for 37, and using 1.1 equivalent of NH^OH JHCl and 

triethylamine each, the title compound 141al was obtained in 26% yidd. 'HNMR 
(300MHz, 20% CD3OD in CD3OD): 5 9.12 (d, J = 1.5 Hz, IH), 8.74 (dd, J = 4.8, 1.5 
Hz, IH), 8.30 (m, IH), 7.50 (dd, J = 7.8, 4.8 Hz, IH), 3.02 (t, J = 7.5 Hz, 2H), 2.12 (t, J 
= 7.5 Hz, 2H), 1.75 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H). NMR (75 MHz, 20% 
25 CD3OD inCDjOD) 8 23.39, 25.00, 28.44, 28.53, 32.48, 38.46, 123.86, 13Z17, 135.80, 
148.83, 152.61, 171.06, 199.31. 
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Example 89b; 

N-HydTOxy-7-[(2-pyiidyl)caibonyl]heptana]nide (141a2) 

Step 3: N-Hydroxy- 7-f2-('pyridyl)carbonyl]heptaiiainide (14132) 

Follovynng the procedure described in Example 90, step 1, but substituting 
5 2-bromopyridine for 3-bromopyridine and without addition of palladium (0) 

catalyst, followed by Example 18, step 3, but substituting ester 139a2 for ester 49a/ 
and then the resulting carboxylic add was substituted for 37 in Example 14, step 
3, using 1.1 eqtdvalent of NHjORHQ and triethylamine each, to afford ttie title 
compound 141a2 was obtained in 5% yield. 'H NMR (300 MHz, 20% CDjOD in 
10 CDCI3): 6 8.67 (m, IH), 8.03 (dt, J = 7.8, 1.2 Hz, IH), 7.90 (m, IH), 7.53 (m, IH), 3.21 
(t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.2 Hz, 2H), 1.73 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H). 

NMR (75 MHz, 20% CD3OD in CDCy 
5 23.45, 25.07, 28.53, 28.58, 32.55, 37.40, 121.77, 127.12, 137.05, 

148.65,152.97,171.19.202.24. 

15 Example 90; 

N-Hydroxy-7-[(3-qiiinolinyl)caibonyl]heptanamide(141b) 

Step 1: Methyl-7-f3-fquinolinyncarbonyllheptanoate (139b) 

Following tiie procedure described in Example 90, step 1, but substituting 
3-bromoquinoline for 3-bromopyridine, tiie title compotind 140b was obtained in 
20 90% yield 

'H NMR (300MHz CDCI3): 6 9.43 (d, J = 2.1 Hz, IH), 8.71 (d, J = 2.1 Hz, IH), 8.16 
(m, IH), 7.97 (m, IH), 8.84 (m, IH), 7.63 (m, IH), 4.13 (q, J = 7.2 Hz, 2H), 3.10 (t, J 
=7.5 Hz, 2H), 2.31 (t, 7.5 Hz, 2H), 1.81 (m, 2H), 1.66 (m, 2H), 1.43 (m, 4H), 1.25 (t, J 
=7.2 Hz, 3H). "C NMR (75MHz, CDClj): 
25 5 14. 15, 23.77, 24.66, 28.82(2), 34. 13, 38.68, 

60.09, 126.78, 127.44, 129.03, 129.25, 131.82, 136.87, 148.97, 149.55, 173.59, 198.90. 
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Step 2: 7-f3-(quinolmyl)caibonyl1heptanoic add fl40b) 

Following Ihe proceduie described in Example 18, step 3, but substituting 
ester 139b for ester 49a, the tide compound 140b was obtained in 93% yield. 'H 
NMR (300 MHz, 20% CD3OD in CDCy; 5 9.25 (d, J =2.1 Hz, IH), 8.67 (d, J = 1.8 
5 Hz, IH), 8.01 (d, J = 8.1 Hz, IH), 7.89 (m, IH), 7.76 (m, IH), 7.56 (m, IH), 3.01 (t, J= 
7.5 Hz, 2H), 2.20 (t, J = 7.2 Hz, 2H), 1.70 (m, 2H), 1.54 (m, 2H), 1.33 (m, 4H). 
NMR (75 MHz, 20% CD3OD in CDCy 
523.60, 24.46, 28.62(2), 33.74, 38.55, 126.82, 127.65, 128.36, 

128.99, 129.29, 132.19, 137.47, 148.58, 148.91,176.22, 199.23. 

10 Step 3: N-Hydroxy-7-[3-fquinolinylkarbonyl1heptanainide fl41b) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 140b for 37, and tising 1.1 equivalent of NI^OH.HQ and 
triethylamine each, the title compoimd 141b was obtained in 43% yield. *H NMR 
(300 MHz, DMSO-d,): 5 9.32 (d, J = 2.1Hz, IH), 9.06 (d, J = 1.8 Hz, IH), 8.20 (d, J = 
15 7.2 Hz, IH), 8.09 (d, J =8.7 Hz, IH), 7.91 (m, IH), 7.72 (m, IH), 3.19 (t, J= 7.2 Hz, 
2H), 1.95 (t, J = 7.5 Hz, 2H), 1.67 (m, 2H), 1.50 (m, 2H), 1.33 (m, 4H). 
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Example 91: 

A^Hydroxy-7-I(5-(2-phenyl)pyridyl)carbonyllheptanaixude (145) 

Step 1: Methyl-7"[(5-(2-bromo)pyridyl)carbonyl1heptanoate (142) 

5 Following the procedure described in Example 89, step 1, but substituting 

23-dibromopyridine for 3-bromopyridine, the tide compound 142 was obtained 
in 39% yield. 'H NMR (300 MHz, CDCI3): 5 8.85 (d, J = 1.8 Hz, IH), 8.77 (dd, J = 
8.1, 2.4 Hz, IH), 7.43 (d, J = 8.1 Hz, IH), 3.63 (s, 3H), 2.91 (t, J = 7.5 Hz, 2H), 2.28 (t, 
J = 7.5 Hz, 2H), 1,71 (m, 2H), 1.60 (m, 4H), 1.35 (m, 4H). 

10 Step 2: Methyl-7-rf5-f2-phenynpvridvDcarbonvl1heptanoate (143) 

Following the procedxire described in Example 67, step 1, but substituting 
respectively 142 for 49d and phenyl boronic add for 3-thiophene boronic acid, the 
title compound 143 was obtained in 88% yield. 'H NMR (300 MHz, CDCI3): 8 9.23 
(dd, J = 2.4, 0.9 Hz, IH), 8.30 (dd, J = 8.7, 2.4 Hz, IH), 8.09-8.05 (m, 2H), 7.84 (dd, J 
15 = 8.7, 0.9 Hz, IH), 7.56^7.40 (m, 3H), 3.67 (s, 3H), 3.00 (t, J = 7.5 Hz, 2H), 2.32 (t, J = 
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7.5 Hz, 2H), 1.78 (m, 2H), 1.65 (m, 2H), 1.41 (m, 4H). '^C NMR (75MHz, CDCl,): 
8 23.89, 24.73, 28.89, 28.93, 33.97, 38.74, 51.47, 120.24, 127.35, 128.93, 130.08, 130.45, 
136.42, 138.01, 149.61, 160.66, 174.13, 198.72. 

Step 3: 7-[(5-f2-Phenyl)pyridylkarbonyl]heptanoic add (144> 

5 Following the procedure described in Example 18, step 3, but substituting 

ester 143 for ester 49a, the title compound 144 was obtained in 90% yield. *H NMR 
(300MHz, 20% CD3OD in CDCI3): 8 9.08 (d, J = 1.8 Hz, IH), 8.20 (dd, J = 8.7, 1.8 Hz, 
IH), 7.90 (m, 2H), 7.74(d, J = 8.7 Hz, IH), 7.42-7.36 (m, 3H), 2.92 (t, J = 7.2 Hz, 2H), 
2.17 (t, J = 7.5 Hz, 2H), 1.67 (m, 2H), 1.54 (m, 2H), 1.31 (m, 4H). "C NMR (75 MHz, 

10 20%CD,ODinCDCl3) 

823.66, 24.68, 28.65, 28.72, 34.31, 38.54, 120.54, 127.17, 128.73, 129.91, 

130.31, 136.45. 137.79, 149.32, 160.82, 177.18, 199.18. 

.<?tep 4: Ar-Hvdroxv-7- rr5-f2-phenyDpyridyncaibonvllheptanamide (145) 

Following the procedure described in Example 14, step 3, but substituting 
15 carboxylic add 144 for 37, and using 1.1 equivalent of NHjOH.Ha and 

triethylamine each, the tide compound 145 was obtained in 33% yield. *H NMR 
(300 MHz, 20% CD3OD in CDO,): 8 9.08 (d, J = 1.5 Hz, IH), 8.20 (d, J = 8.4, 1.5 Hz, 
IH), 7.91-7.87 (m, 2H), 7.75 (d, J = 8.4 Hz, IH), 7.46-7.35 (m, 3H), 2.91 (t, J = 7.5 Hz, 
2H), 2.00 (br t, 2H), 1.66 (m, 2H), 1.54 (m, 2H), 1.30 (m, 4H). "C NMR (75 MHz, 
20 20% CD3OD in CDCy: 8 23.60, 25.02, 28.50, 28.56, 32.51, 38.47, 120.55, 127.16, 
128.74, 129.93, 130.27, 136.45, 137.76, 149.31, 160.85, 171.05, 199.27. 

Example 92; 

N-(2-Aminophenyl)-7-[(5-(2-phenyl)pyridyl)carbonyllheptanamide(146) 

Following the procedure described in Example 22, but substituting 
25 carboxylic add 144 for SOg, tiie title compound 146 was obtained in 42% yield. 'H 
NMR (300 MHz, 20% CD3OD in CDCI3): 8 9.08 (dd, J = 2.1, 0.6 Hz, IH), 8.21 (dd, J 
= 8.1, 2.1 Hz, IH), 7.92-7.87 (m, 2H), 7.75 (dd, J = 8.1, 0.6 Hz, IH), 7.46-7.35 (m, 
3H), 7.03-6.91 (m, 2H), 6.72-6.64 (m, 2H), 2.94 (t, J = 7.5 Hz, 2H), 2.31 (t, J = 7.5 Hz, 

145 



wo 01/70675 



PCT/IB01/00683 



2H), 1.74-1.58 (m, 4H), 1.36 (m, 4H). ""C NMR (75 MHz, 20% CD3OD in CDCI3): 
8 23.63, 25.40, 28.61, 28.74, 36.14, 38.51, 117.84, 119.27, 120.55, 124.14, 125.35, 
126.96, 127.18, 128.75, 129.93, 130.30, 136.46, 137.80, 140.58, 149.33, 160.87, 172.81, 
199.30. 



MeO' 



OMe 



Br Pd{PPh3)4.I^C03 




1. ivBuU 
MajSnCI 

2. PdCyPPhaJa 



OMe 




OMe 



(Example 93) 



OMe 



(Example 94) 



Example 93: 

N-Hydit>xy-7-[5-(2-(3,4-dimethox3rphenyl)pyridyl)carbonyllhept^ (150) 

Step 1: 2-(3.4-dimethoxyphenyl)-5"bromopyridine (147) 

Following the procedure descaibed in Example 67, step 1, but substituting 
respectively 2,5-dibromopyTidine for 49d and 3,4-dimethox5^henyl boronic add 
for 3-thiophene boronic add, the title compoimd 147 was obtained in 78%Yield. 
'H NMR (300 MHz, CDCIJ: 5 8.65 (dd, J = 2.4, 0.9 Hz, IH), 7.77 (dd, J = 8.4, 5.4 Hz, 
IH), 7.60 (d, J = 2.1 Hz, IH), 7.53 (dd, J = 8.4, 0.9 Hz, IH), 7.73 (dd, J = 8.4, 2.1 Hz, 
IH), 6.89 (d, J = 8.4 Hz, IH), 3.95 (s, 3H), 3.90 (s, 3H). ""C NMR (75 MHz, CDCy : 
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555.92, 55.93, 109.64, 111.01, 118.46, 119.25, 120.92, 131.05, 139.09, 149.28, 150.21. 1 
50.36, 155.40. 

Step 2; Methyl-7-[5-(2-(3.4rdime1hoxyphenyl)p;rridyl)carbonyl]heptanoate (148) 

Following the procedure described in Example 89, step 1, but substitutiiig 
5 2-(3,4-dimetho)qrphenyl)-5-bromopyridine for 3-bromopyridine, the title 

compound 148 was obtained in 78 % yield. *H NMR (300 MHz, CDC3,): 5 9.12 (8, J 
= 2.1 Hz, IH), 8. 17 (dd, J = 8.4, 2.1 Hz, IH), 7.74 (d, J = 8.4 Hz, IH), 7.69 (d, J = 1.8 
Hz, IH), 7.54 (dd, J = 8.4, 1.8 Hz, IH), 6.91 (d, J = 8.4 Hz, IH), 3.95 (s, 3H), 3.89 (s, 
3H), 3.61 (s, 3H), 2.93 (t, J = 7.2 Hz, 2H), 2.27 (t, J = 7.5 Hz, 2H), 1.71 (m, 2H), 1.60 
10 (m, 2H), 1.35 (m, 4H). "C NMR (75 MHz, CDCI3): 
8 23.90, 24.68, 28.86, 28.88, 33,91, 38.61, 51.42, 

55.92, 55.93, 110.03, 110.96, 119.30, 120.08, 129.78, 130.91, 136.08, 149.30, 149.61, 150 
.83,160.16, 174.08. 198.70. 

Step 3; 7-f5-(2-(3.4-dimethoxyphenyl)pyridyl)carbonyl]heptanoic acid (149) 

15 Following the procedure described in Example 18, step 3, but substituting 

ester 148 for ester 49a, the title compoimd 149 was obtained in 89% yield; ^H NMR 
(300 MHz, CDCI3): 5 9.20 (d, J = 1.8 Hz, IH), 8.25 (dd, J = 8.1, 1.8 Hz, IH), 7.78 (d, J 
= 8.1 Hz, IH), 7.71 (d, J = 1.8 Hz, IH), 7.57 (dd, J = 8.1, 1.8 Hz, IH), 6.96 (d, J = 8.1 
Hz, IH), 4.00 (s, 3H), 3.95 (s, 3H), 2.99 (t, J = 7.2 Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 

20 1.77 (m, 2H), 1.66 (m, 2H), 1.41 (m, 4H) . "C NMR (75MHz, CDCI3): 
823.84, 24.46, 28.80,28.81, 

33.89, 38.60, 55.95,55.96, 110.19, 110.04, 119.65, 120.24, 129.91, 130.72, 136.33,149.34 
, 149.47, 150.91. 160.19, 179.04, 198.64. 

Step4:N-Hydroxy-7-f5-(2-(3.4rdimethoxyphenyl)pyridyl)carbonynheptananude 
25 (150) 

Following ttie procedure described in Example 14, step 3, but substituting 
carboxylic acid 149 for 37, and using 1.1 equivalent of NH2OH.HCI and 
triethylamine each, the title compovind 150 was obtained in 32% yield. 'H NMR 
(300 MHz, 20% CD3OD in CDCQ: 8 9.20 (br s , IH), 8.25 (d, J = 8.1 Hz, IH), 7.81 (d, 
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J = 8.1 Hz, IH), 7.63 (br s, IH), 7.54 (d, J = 8.1 Hz, IH), 6.98 (d, J = 8.1 Hz, IH), 3.95 
(s, 3H), 3.91 (s, 3H), 2.98 (t, J = 7.2 Hz, 2H), Z06 (t, J = 7.2 Hz, 2H), 1.72 (m, 2H), 
1.61 (m,2H), 1.37 (m,4Bl). 

Example 94; 

5 N-(2-Aininophenyl)-7-[5-(2-(3,4- 

dimethoxyphenyDpyridyDcarbonyUheptanamide (151) 

Following the procediire described in Example 22, but substituting 
carboxylic add 149 for 50g, the title compound 151 was obtained in 32%\leld. *H 
NMR (300MHz, CDCl,): 5 9.18(d, J = 1.8 Hz, IH), 8.23 (dd, J = 8.4, 2.1 Hz, IH), 7.77 
10 (d, J = 8.4, 0.9 Hz, IH), 7.73 (d, J = 2.1 Hz, IH), 7.59 (dd, J = 8.4, 2.1 Hz, IH), 7.35 
(br s, IH), 7.15 (m, IH), 7.04 (m, IH), 6.96 (d, J = 8.4 Hz, 1H),6.78 (m, 2H), 4.00 (s, 
3H), 3.95 (s, 3H), 2.99 (t, J = 7.2 Hz, 2H), 2.39 (t, J = 7.5 Hz, 2H), 1.72 (m, 4H), 1.44 
(m, 4H). "C NMR (75 MHz, CDO,): 6 23.71, 25.38, 28.69, 28.81, 36.39, 38.42, 55.78, 
55.79, 109.94, 110.88, 

15 117.68, 118.92, 119.16, 120.01, 124.08, 125.27, 126.83,129.58, 130.70, 135.96, 140.86, 
149.13, 149.43, 150.69, 159.98, 171.95, 198.75. 
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-Br 




1. n-BuU 
Me^SnCI 

2. PdC(2(PPha)2 




Example 95; 

N-Hydroxy-7*[4-(4-(N-methylmo]pholinyl)phenyl)beiizoyl^ (156) 

5 Step 1: 4-f4-bromophenyl)benzaldehyde (152) 

To a solution of 4',4-dibromobiphenyl (3.12 g, 10 mmol) in dry THF (50 
mL) at -78°C was added dropwise a solution of n-BuIi ( 1.6M in hexane, 10 
mmol). After addition, the mixture was stirred for 30 minutes at -ZS^'C. 
Anhydrous DMF (50 mL) was then added and the mixture was allowed to stir at 
10 room temperature for 2 hours. The solvent was removed under high vacuum and 
the residue was taken in water and extracted with dichloromethane (2 x 50 mL). 
The combined organic layer were dried (MgSOJ and concentrated. Purification by 
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flash chromatography (ethyl acetate/ hexane: 2/8) gave the title compound 152 
55% yield. MS (ESI) = 261 (MHT). 

Step 2: f4r(N-methylmorpholinyl'>phenyl't-4-bromophenyl (153) 

To a solution of aldehyde 152 (2.6 g, 10 mmol) in 1,2-dichloroethane (20 
5 mL)> morpholine ( 0.737 g, 10.1 mmol) was added followed by sodiimi 

triacetoxyborohydride (2.2 g, 10.4 mmol) and then few drops of acetic add. The 
mixture was stirred at room temperature for 4 hours and then quenched by 
addition of a saturated solution of sodium bicarbonate. The mixture was extracted 
witti ethyl acetate, dried (MgSOJ and concentrated. Purification by flash 
10 chromatography (ethyl acetate/ hexane: 2/8) gave the title compound 153 (1.75 g, 
55%yield). MS (ESI) = 333 (MHT) 

Step 3: Etiiyl-7-[4-f4-fN-methylmorpholinyl)phenyl)benzoyl1heptanoate (154) 

Following the procedure described in Example 89, step 1, but substituting 
153 for 3-bromopyridine, the title compoimd 154 was obtained in 40 % )deld. 

15 MS (ESI) = 424 (MET) 

Step 4: 7-[4-(4-fN-methylmorpholinyDphenyDbenzoyl]heptanoic acid (155) 

Following the procedure described in Example 18, step 3, but substituting 
ester 154 for ester 49a, the title compound 155 was obtained in 95% yield. 

MS (ESI) = 410 (MHO 

20 Step 5: N-Hydroxy-7-r4-(4-(N-methykriorpholinyl)phenyl)benzoyl1heptanan^ 
0561 

Following the procedtire described in Example 14, step 3, but substituting 
carboxylic add 155 for 37, and using 1.1 equivalent of NH^OHUa and 
triethylamine each, the titie compoimd 156 was obtained in 20% yield. NMR: 
25 (300 MHz, CDCI3) 5 8.00 (m, 2H), 7.40-7.60 (m, lOH), 3.80 (m, 4H), 3.60 (s, 2H), 3.00 
(m, 2H), 2.70 (m, 4H), 2.35 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

150 



wo 01/70675 



PCT/IBOl/00683 



Example 96; 

N-(2-Aminophenyl)-7-l4-(4-(N- 

methylmorpholmyDphenyDbenzoyUheptanamide (157) 

Following the procedure described in Example 22, but substituting 
5 carboxylic add 155 for 50^ the title compound 157 was obtained in 35 % yield. 
NMR (300 MHz, CDCy 5 8.00 (m, 2H), 7.40-7.60 (m, 6H), 3.80 (m, 4H), 3.60 (s, 
2H), 3.00 (m, 2H), 2.70 (m, 4H), 2.35 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 



^ 3.HCI O 



159a : Ra -s'^ (Example 97) 

159b : Ra -SCHg (Example 98) 

159c: Ra (Example 99) 

159d:R= Q (Example 100) 

159e:R=: -SH (Example 101) 

o 

159f : R= "^^"^if^ (Example 102) 



Example 97; 

l-Acetylthio-2,9-dioxo-9-phenyl-nonane(159a) 

Step 1: l-chloro-2.9-dioxo-9-phenyl-nonane (ISSa) 

To a solution of the carboxylic add 50a (5 g, 0.02 mmol) in anhydrous 
15 dichloromethane (20 mL) under nitrogen was added dropwise, an excess of oxalyl 
chloride (5 mL, 0.06 mmol) neat followed by few drojps of anhydrous DMF. The 
mixture was stirred at room temperature ovemi^t. The solvent was evaporated 
and the residue was dried xmder high vacuimi. The add chloride was then taken 
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in dry ether (20 mL) and to which was added a freshly prepared solution of 
diazomefhane in ether. After addition the mixture was stirred at room 
temperature for four hours. The solvent was evaporated and the residue was 
treated with a solution of 4N HQ in dioxane (50 mL) at room temperature. After 4 
5 hours the dioxane was evaporated and the residue was taken in water and 

extracted with dichloromethane to give a residue which was chromatographed on 
silica gel to obtain ttie desired product 158a (4 g, 75% yield). MS (ESI) = 267 (MH^ 

Step 2: l-Acetylthio-2,9-dioxo-9-phenyl-nonane (159a) 

To a solution of the chloro ketone 158a (300 mg, 1 mmol) in anhydrous 
10 dichloromethane (25 mL) was added at 0-5°C a solution of the thiolacetic acid (92 
mg, 1.2 mmol) in dichloromethane. The mixture was allowed to stir at room 
temperature for 18 hours. The mixture was then extracted from dichloromethane 
to give a residue, which was chromatographed on silica gel to obtain the desired 
product 159a (103 mg, 50% yield). 'H NMR (300 MHz, CDCI3) 5 8.00 (m, 2H), 7.60- 
15 7.40 (m, 3H), 3.80 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 (m, 4H), 1.20 
(m,4H). 

Example 98: 

l-Methylthio-2,9-dioxo-9-phenyl-nonane(159b) 

Following the procedxire described in Example 97, step 1, 2, but 
20 substituting methanethiol for thiolacetic add, the title compound 159b was 
obtained in 60% yield. 'H NMR: (300 MHz, CDCy 5 8.00 (m, 2H), 7.40-7.60 (m, 
3H), 3.20 (s, 2H), 3,00 (m, 2H), 2.60 (m, 2H), 2.10 (s, 3H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 99; 

l-Benzylthio-2,9-dioxo-9-phenyl-nonane (159c) 

25 Following the procedure described in Example 97, step 1, 2, but 

substituting benzylfhiol for thiolacetic add, the title compound 159c was obtained 
in 35% yield. 'H NMR (300 MHz, CDCI3) 5 8.00 (m, 2H), 7.40-7.60 (m, 3H), 3.60 (s, 
2H), 3.10 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 
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Example 100: 

l-Phenylthio-2,9-dioxo-9-phenyl-nonaiie (159d) 

Following the procedure described in Example 97, step 1, 2, but 
substituting phenylthiol for tiuolacetic acid, tiie title compound 159d was 
obtained in 50% yield. 'H NMR (300 MHz, CDCI3) 5 8.00 (m, 2H), 7.20-7.60 (m, 
8H), 3.60 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 101: 

l-Mercapto-2,9-dioxo-9-phenyl-nonane (159e) 

Following the procedure described in Example 97, step 1, 2, but 
substituting hydrogen sxalfide for thiolacetic acid, ttie title compound 159e was 
obtained in 30% yield. 

NMR (300 MHz, CDCy 6 8.00 (m, 2H), 7.40-7.60 (m, 3H), 3.20 (d, J = 7.5 Hz, 
2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.80 (t, J = 7.5Hz), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 102; 

l-Benzoylthio-2,9-dioxo-9-phenyl-nonane (159f) 

Following iiie procedure described in Example 97, step 1, 2, but 
substituting benzoylthiol for thiolacetic add, the title compoimd 159f was 
obtained in 52% yield. 'H NMR (300 MHz, CDCI3) 5 8.00 (m, 4H), 7.60-7.40 (m, 
6H), 4.00 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 
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160 : n= 1, R= -^s-^CHg (Example 103) 

161 : n= 1, R= -^SH (Example 104) 

o 

162 : n= 2, R= ^s\h^ (Example 105) 
163 : n=: 2, R= -^SH (Example 106) 

NH, 

164 : n= 2, R= yS (Example 107) 

Example 103; 

1- Acetylthio-2,8-dioxo-8-(2-benzo[blihiophene)-octane (160) 

Following the procedtire described in Example 18, step 1, 2, 3, but 
5 substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 

2- benzo[b]thiophene-carbonyl chloride for benzoyl chloride, and then ttie 
resulting carboxylic add was substituted for 50a in Example 97, step 1, 2, to afford 
tide title compound 160 obtained in 45%yield.'H NMR: (300 MHz, CDCI3) 5 8.00 
(m, 2H), 7.40-7.60 (m, 3H), 3.80 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 

10 (m,2H),1.20(m,4H). 

Example 104; 

l-Mercapto-2^dioxo-8-(2-beiizo[&]thiophene)-octane (161) 

Following the . procedxire described in Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 2- 
15 benzo[b]thiophene-carbonyl chloride for benzoyl chloride, and then the resulting 
carboxylic add was substituted for 50a in Example 97, step 1, 2, and hydrogen 
sulfide for thiolacetic add, to afford tiKe title compoimd 161 obtained in 20%yield. 

NMR (300 MHz, CDCy 6 8.00 (m, ZH), 7.40-7.60 (m, 3H), 3.20 (d, J = 7.5 Hz, 
2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.80 (t, J = 7.5 Hz, IH), 1.60 (m, 2H), 1.20 (m, 4H). 
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Example 105; 

l-Acetylthio-2/9-dioxo-9-(2-benzo[Ii]thiophene)-nonane (162) 

Following the procedure described in Example 97, step 1; 2, but 
substituting carboxylic acid 50m for 50a, the titie compotmd 162 was obtained in 
5 50% yield. 'H NMR (300 MHz, CDCy 5 8.00 (m, 2H), 7.60-7.40 (m, 3H), 3.80 (s, 
2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 106: 

l-Mercapto-2,9-dioxo-9-(2-ben2oI&]thiophene)-nonane (163) 

Following the procedure described in Example 97, step 1, 2, but 
10 substituting respectively carboxylic acid 50m for 50a and hydrogen sulfide for 
thiolacetic add, Ihe titie compound 163 was obtained in 30% yield. 'H NMR: (300 
MHz, CDCI3) 8 8.00 (m, 2H), 7.60-7.40 (m, 3H), 3.20 (d, J = 7.5 Hz, 2H), 3.00 (m, 
2H), 2.60 (m, 2H), 1.80 (t, J = 7.5 Hz, IH), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 107: 

15 N-(2-Aminophenyl)-7-[(2-benzoI&]thiophene)carbonyl]heptanamide (164) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 50m for carboxylic acid 50a, the titie compound 164 was obtained 
in 79% yield. 'H NMR (300 MHz, CDCy 5 8.00-7.60 (m, 6H), 7-7.20 (m, 3H), 2.80 
(m, 2H), 2.00 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

20 




165 : R1= CH3, R2s -s^CHg (Example 108) 
1 66 : R1 = CH3, R2= — SH (Example 1 09) 
167:R1=H, R2= — s-^CH, (Example 110) 
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Example 108: 

l-Acetylthio-2,9-dioxo-9-(2-(N-methyl)indolyl)-nonan^ 

Following the procedure described in Example 1, step 4, but substituting 1- 
methyl indole-2-carboxylic acid for 5, followed by Example 18, step 2, 3, but 
5 substituting N-methyl indole-2-carbonyl chloride for benzoyl chloride, and then 
the resulting carboxylic acid was substituted for 50a in Example 97, step 1, 2, to 
afford the title compound 165 in 40% yield. NMR: (300 MHz, CDQg) 6 8.00 (m, 
5H), 7.60-7.40 (m, 5H), 4.10 (s, 3H), 3.80 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 
3H), 1.60 (m, 2H), 1.20 (m, 4H). 

10 Example 109: 

l-Mercapto-2,9-dioxo-9'-(2-N-methylindolyl)-nonane (166) 

Following the procedttre described in Example 1, step 4, but substituting 1- 
methyl indole-2-carboxylic add for 5, followed by Example 18, step 2, 3, but 
substituting N-methyl indole-2-caibonyl chloride for benzoyl chloride, and then 
15 the resulting carboxylic acid was substituted for 50a in Example 97, step 1, 2, and 
hydrogen sulfide for thiolacetic add, to afford the title compound 166 in 25% 
yield. NMR: (300 MHz, CDCy 5 8.00 (m, 2H), 7.60-7.40 (m, 3H), 4.10(s, 3H), 
3.20 (d, J = 7.5 Hz, 2H), 3.00 (m, 2H), Z60 (m, 2H), 1.80 (t, J = 7.5 Hz, IH), 1.60 (m, 
4H),1.20(m,4H). 

20 Example 110: 

l-Acetylthio-2,9-dioxo-9-(2-indolyl)-nonane (167) 

Following the procedure described in Example 1, step 4, but substituting 
indole-2-carboxylic add for 5, followed by Example 18, step 2, 3, but substituting 
indole-2-carbonyl chloride for benzoyl chloride, and then the resulting carboxylic 
25 add was substituted for 50a in Example 97, step 1, 2, to afford the titie compoimd 
167 in 60% yield.'H NMR: (300 MHz, CDCy 8 8.00 (m, 2H), 7.40-7.60 (m, 3H), 3.80 
(s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 (m, 2H), 1.20 (m, 4H). 
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IN-NaOH 
THF^eOH 




(Example 111) 



Example 111: 

N-Hydroxy-8-(2-naphthyl)non-8-enainide (170) 

Step 1: Ethyl 8-(2-naphthynnon-8-€noate fl68) 

5 To a solution of methyltriphenylphosphonium bromide (469 mg,1.31 

mmol) in THF (6 mL) pre-cooled to O^'C imder nitrogen atmosphere was added 
dropwise n^butyllithium (1.42M solution in hexanes, 905 ^L, 1.28 mmol) and 
stirred over 20 minutes. To this a THF (4mL) solution of 49g (82 mg, 0.262 mmol) 
was transferred via cannula. The yellow mixture was stirred over 30 minutes and 

10 quenched with a saturated aqueous solution of ammonium chloride, as the yellow 
color immediately disappeared. The solvent was removed by evaporation in 
vacuo and the aqueous residue was partitioned between water and ethyl acetate. 
The aqueous layer was then extracted with ethyl acetate and the combined 
organic layers were washed with brine, dried (MgSO^) and concentrated. The 

15 crude residue was purified by flash chromatography (5% to 8% diethyl ether in 
hexane) to afford the title compound 168 (43 mg) in 52^0 yield. 'H NMR: (CDCy 5: 
7.85-7.78 (m, 4H), 7.58 (dd, J = 8.8, 1.9 Hz, IH), 7.48-7.44 (m, 2H), 5.42 (d, J = 1.1 
Hz, IH), 5.16 (d, J = 1.4 Hz, IH), 4.12 (q, J = 7.1 Hz, 2H), 2.62 (t, J = 6.9 Hz, 2H), 
2.28 (d, J = 7.4 Hz, 2H), 1.64-1.49 (m, 4H), 1.39-1.33 (m, 4H), 1.25 (t, J = 7.1 Hz, 3H). 

20 MS (ESI) = 311(Nffr). 
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Step 2 : 8-f2-Naphthynnon-8-enoic add (169) 

Following a procedvire analogous to that described in Example 18, step 3, 
but substituting ester 169 for ester 49a, the title compound was obtained in 99%. 

NMR (CDCy 6: 7.83-7.77 (m, 4H), 7.57 (d, J = 8.8 Hz, IH), 7.47-7.44 (m, 2H), 
5.40 (s, IH), 5.14 (s, IH), 2.61 (t, J = 7.1 Hz, 2H), 2.33 (t, J = 7.4 Hz, 2H), 1.64-1.21 
(m, 8H). MS (ESI) = 283 (MH^. 

Step 3: N-Hydroxy-8-f2-naphthyDnon-8-enamide (170) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 169 for 37, and using 1.1 eqtiivalent of NH20H.Ha and 
triethylamine each, the title compound 170 was obtained in 33% yield. *H NMR: 
(CDQg) 5: 8.22 (br s, IH), 7.80-7.77 (m, 4H), 7.56 (d, J = 8.5 Hz, IH), 7.46-7,44 (m, 
2H), 5.39 (s, IH), 5.13 (s, IH), 2.59 (t, J = 6.6 Hz, 2H), 2.05 (br s, 2H), 1.56-1.11 (m, 
8H). HRMS: (calc.) 297.1729 (M+), (found) 297.1744. 




DIPEA, nBuU 

CHgl 





.OEt 



HCI, acetone 
i< 



.OEt 




(Example 112) 
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Example 112; 

N-Hydroxy-2-methyl-7-(2-naphfhoyl)heptanamide (175) 

Step 1: Elhyl-8-(2-naphthylV8-r2-a.3-<iioxolyl)1octanoate (171^ 

To a solution of 49g (4.52 g, 14.47 mmol) in dichloromethane (140 mL) was 
5 added ethylene glycol (8.07 mL, 144.7 mmol) followed by boron trifluoride 
etherate (3.67 mL, 28.94 mmol). The mixture was stirred for 1 hom at room 
temperature. Then trimeihyl orthoformate (2.73 mL, 21.71 mmol) was added and 
the mixture was stirred overnight The reaction was quenched with a saturated 
aqueous solution of sodiimi bicarbonate and the layers were separated. The 
10 aqueous layer was extracted with dichloromethane and the combined organic 
layers were washed with brine, dried (MgSO^) and concentrated. The crude 
residue was purified by flash chromatography (15% to 20% ethyl acetate/hexane), 
to afford the title compound 171 in 44% yield. 'H NMR (300 MHz, CDCy 8: 7.91 
(s, IH), 7.87-7.81 (m, 3H), 7.54 (dd, J = 8.5, 1.4 Hz, IH), 7.49-7.46 (m, 2H), 4.12-4.03 
15 (m, 4H), 3.82-3.78 (m, 2H), 2.23 (t, J = 7.4 Hz, 2H), 1.99-1.94 (m, 2H), 1.59-1.54 (m, 
2H). MS (ESI) = 357(MH*). 

Step 2: Ethyl-2-methyl-8-(2-naphthylV8-f2-(l,3-dioxoly»loctanoate (172) 

To a solution of freshly distilled (over sodium hydride) diisopropylamine 
(550 pL, 3.93 mmol) in THE (40 mL) pre-cooled to O^C under nitrogen atmosphere 

20 was added dropwise n-butyllifhiiun (1.2M solution in hexanes, 3.12 mL, 3.65 

mmol). The mixture was stirred at 0°C for 20 minutes and cooled down to -78''C. 
Then a pre-cooled (-78^C) solution of 171 (1.0 g, 2.81 mmol) in THE (15 mL) was 
transferred via cannula. The mixture was stirred for 1 hour at -78°C. Then a pre- 
cooled (-78°C) solution of iodomethane (349 jiL, 5.61 mmol) in THE (15 mL) was 

25 transferred xna cannula. The resulting mixture was stirred at -78°C for 30 minutes, 
quenched with a saturated aqueous solution of ammonixmi chloride, and then 
warmed to room temperature. Water was added and the mixture was stirred for 4 
hours, after which ti\e THE layer had turned yellow. The mixture was 
concentrated in vacuo and the aqueous residue was partitioned between diethyl 

30 ether and water. The organic layer was washed witii brine, dried (MgSOJ and 
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concentrated. The crude residue was purified by flash chromatography (10% ethyl 
acetate in hexane) to afford Ae title compound 172 (950 mg) in 91% yield. 'H 
NMR: (300 MHz, CDCy 8: 7.91 (s, IH), 7.87-7.81 (m, 3H), 7.54 (dd, J = 8.8, 1.9 Hz, 
IH), 7.51-7.45 (m, 2H), 4.12-4.03 (m, 4H), 3.86-3.78 (m, 2H), 2.35 (sext, J = 7.1 Hz, 
5 IH), 1.99-1.94 (m, 2H), 1.60-1.54 (m, 2H), 1.35-1.19 (m, 9H), 1.09 (d, J = 6.9 Hz, 3H). 
MS(ESI) = 371(MH*). 

Step 3 : Ethyl-2-methyl-7-f2-naphthoyl'>heptanoate (173) 

To a solution of 172 (950 mg, 2.56 mmol) in acetone (75 mL) was added an 
aqueous IN solution of hydrochloric add (15 mL) until a precipitate persisted, 

10 and then more acetone was added vmtil a solution is obtained. The mixture was 
stirred at room temperature for 1 hour and then at 50°C for 1 hour. The mixture 
was concentrated in vacuo to a 10 mL volume. The white precipitate formed was 
filtered, rinsed with water to give 173. 'H NMR (300 MHz, CDCy 5: 8.47 (s, IH), 
8.04r7.96 (m, 2H), 7.91-7.86 (m, 2H), 5.57 (quint d, J=7.7, 1.9 Hz, 2H), 4.12 (q, J = 7.1 

15 Hz, 2H), 3.09 (t, J = 7.4 Hz, 2H), 2.46-2.39 (m, IH), 1.82-1.51 (m, 4H), 2.45-Z34 (m, 
4H), 1.24 (t, J = 7.1 Hz, 3H), 1.14 (d, J = 6.9 Hz, 3H). MS (ESI) = 327 (MH*). 

Step 4: 2-Methyl-7-(2-naphthoyDheptanoic add (174) 

Following a procedure analogous to lhat described in Example 18, step 3, 
but substituting ester 173 for ester 49a, the title compound 174 was obtained in 
20 73%. 'H NMR: (300MHz, CDCl,) & 8.47 (s, IH), 8.03 (dd, J = 8.5, 1.6 Hz, IH), 7.97 
(d, J = 8.0 Hz, IH), 7.89 (d, J = 8.5 Hz, IH), 7.87 (d, J = 8.0 Hz, IH), 7.57 (quint d, J = 
7.7, 1.9 Hz, 2H), 3.10 (t, J = 7.1 Hz, 2H), 2.52-2.46 (m, IH), 1.83-1.72 (m, 4H), 1.52- 
1.42 (m, 4H), 1.19 (d, J = 6.9 Hz, 3H). MS (ESI) = 299 (MH^. 

Step 5 : N-Hydroxy-2-methyl-7-(2-naphthoynheptanamide (175) 

25 Following a procedure analogous to that described in Example 14, step 3, 

but substituting carboxylic add 174 for 37, and using 1.1 equivalent of 
NHjOH.HCl and triethylamine each, the titie compoimd 175 was obtained in 65%. 
'H NMR (300 MHz, CBCy 5: 8.47 (s, IH), 8.02 (d, J = 8.8 Hz, IH), 7.97 (d, J = 8.8 
Hz, IH), 7.91-7.86 (m, 2H), 7.63-755 (m, 2H), 3.18-3.02 (m, 2H), 2.31-Z17 (m, IH), 
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1.73-1.694 (m, 2H), 1.50-1.28 (m, 4H), 1.11-1.07 (m, 3H). HRMS: (calc.) 313.1678, 
(found) 313.1685. 




1 1N-NaOH 
iTHF/MeOH 



UU 179 S NH,OH.HCI ^^S O 

(Example 113) EtgN 

|H2,Pd/C 




.NHOH 



(Example 114) 

5 Example 113: 

(£)-N-Hydroxy-8-(2-naphthyl)-7-octenainide (179) 

Stepl: fCaxbethoxyhexyDMphenylphosphoniiim bromide fl76) 

To a solution of ethyl 7-bromoheptanoate (10.0 g, 42.17 mmol) in toluene 
(280 mL) was added solid triphenylphosphine (11.06 g, 42.17 mmol). The solution 

10 was refluxed over 24 hours under nitrogen atmosphere and then cooled to room 
temperature. The supernatant was transferred into a different flask and an excess 
of triphenylphosphine (5.53 g, 21.09 mmol) was added. The solution was refluxed 
over 3 days and cooled to room temperature without stirring to favor 
sedimentation. The supernatant again removed by decantation and the restilting 

15 colorless oil was dried over high vacuum affording the title compoimd 176 (18.24 
g) in 87% yield. NMR (300 MHz, CDCy 5: 7.96-7.62 (m, 9H), 7.37-7.08 (m, 6H), 
4,11-4.00 (m, 2H), 3.86-3.70 (m, 2H), 2.37-2.32 (m, 4H), 2.28-2.19 (m, 2H), 1.72-1.46 
(m, 6H), 1.31-1.25 (m, 2H), 1.22-1.15 (m, 3H). MS (ESI) = 419 (Phosphonium Ion). 
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Step2: (£/Z)-Ethyl 8-f2-naphthylV7-octenoate (177) 

To a suspension of phosphonium salt 176 (18.14 g, 36.32 nunol) in THF (300 
mL) pre-cooled to O^'C was added dropwise n-butyllithium (1.13M solution in 
hexanes, 35.4 mL, 39.95 mmol). The resulting light yellow solution was stirred at 

5 O^'C over 30 minutes and a solution of a 2-naphthaldehyde (5.67 g, 36.32 mmol) in 
THF (60 mL) was transferred dropwise via cannula. The mixture was stirred 
overnight, allowing to warm to room temperature. The reaction was quenched 
with a saturated aqueous solution of ammoiuum chloride. Most of the THF was 
. removed by evaporation in vacuo and the aqueous residue was partitioned 

10 between diethyl ether and water. The aqueous layer was extracted with diethyl 
ether and the combined organic layers were successively washed with water, 
brine, dried over magnesiimi sulfate and concentrated. The crude residue was 
purified by flash chromatography (6% to 8% ethyl acetate in hexane) affording the 
title compoimd 177 in 34% jaeld as a mixture of E and Z isomers. *H NMR: 

15 (CDCI3) 5: 7.83-7.75 (m, 3H), 7.71 (s, 0.5H), 7.67 (s, 0.5H), 7.57 (dd, J = 8.5, 1.9 Hz, 
0.5H), 7.49-7.38 (m, 2.5H), 6.57 (d, J = ILS Hz, 0.5H), 6.54 (d, J = 15.9 Hz, 0.5H), 
6.34 (dt, J = 15.7, 7.1 Hz, 0.5H), 5.73 (dt, J = 11.8, 7.1 Hz, 0.5H), 4.17-4.10 (m, 2H), 
2.42 (qd), J = 7.4, 1.9 Hz, IH), 2.34-2.24 (m, 3H), 1.73-1.31 (m, 6H), 1.28-1.22 (m, 
3H). MS (ESI) = 297 (MH*). 

20 Step3: r£)-8-f2-NaphthyD-7-octenoic acid f 178) 

Following a procedure analogous to that described in Example 18, step 3, 
but substituting ester 177 for ester 49a, the title compound 178 was obtained in 
60%. 'H NMR (CDCy 5: 7.79-7.75 (m, 3H), 7.67 (s, IH), 7.57 (dd, J = 8.5, 1.7 Hz, 
IH), 7.47-7.38 (m, 2H), 6.54 (d, J = 15.7 Hz, IH), 6.34 (dt, J = 9.0, 6.6 Hz, IH), 2.38 (t, 
25 J = 7.4 Hz, 2H), 2.28 (q, J = 6.6 Hz, IH), 1.74-1.64 (m, 2H), 1.57-1.40 (m, 4H). MS 
(ESI) = 269(MH*). 

Step 4: rEVN-Hydroxy-8-(2-naphthvn-7-octenamide (179) 

Following a procedure analogous to that described in Example 14, step 3, 
but substituting carboxylic add 178 for 37, and using 1.1 equivalent of 
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NHjORHCl and triethylamine each, the title compound 179 was obtained in 37% 
yield. NMR (CD3OD) 5: 7.79-7.74 (m, 3H), 7.67 (s, IH), 7.60 (d, J = 8.8 Hz, IH), 
7.45-7.36 (m, 2H), 6.56 (d, J = 15.7 Hz, IH), 6.38 (dt, J = 15.7, 6.9 Hz, IH), 2.28 (qj =- 
6.3 Hz, 2H), Zll (t, J = 7.4 Hz, 2H), 1.72-1.62 (m, 2H), 1.58-1.50 (m, 2H), 1.46-1.40 
5 (m, 2H). HRMS (calc): 283.1572, (found): 283.1567. 

Example 114: 

Ar-Hydroxy-8-(2-naphthyl)octanamide (180) 

To a solution of compoxmd 179 (30 mg, 0.106 mmol) in methanol (2 mL) 
was added a catalytic amount of 10% palladium on charcoal. The mixture was 

10 degassed and applied under hydrogen atmosphere and stirred for 15 minutes. 
Hydrogen was evacuated by vacuum and the mixture was filtered through Celite 
and rinsed with methanol. The filtrate was concentrated in vacuo, affording the 
title compound 180 (29.1 mg) in 97% yield. *H NMR (300 MHz, CD3OD) 5: 7.80- 
7.74 (m, 3H), 7.60 (s, IH), 7.44-7.37 (m, 2H), 7.33 (dd, J = 8.2, 1.6 Hz, IH), 2,77 (t, J = 

15 7.4 Hz, 2H), 2.07 (t, J = 7.1 Hz, 2H), 1.71-1.64 (m, 2H), 1.62-1.57 (m, 2H), 1.37-1.28 
(m, 6H). HRMS (calc): 285.1729, (found): 285.1727. 
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^CHO 





NHOH 



NHOH 



188 

(Example 116) 



(Example 115) 



NHOH 



Example 115: 

N-Hydn)xy-8-hydroxy-8-(2-naphfhyl)-2K)ctenainide (187) 

Stepl: l-(2>NaphthylV6-heptenQl (181^ 

A flame-dried round-bottomed flask was charged with magnesium 
turnings (1.23 g, 50.75 mmol) and stirred under vacuum for 15 minutes and titen 
applied under nitrogen atmosphere. TBIF (70 mL) was added followed by 1,2- 
dibromoethane (381 mg, 2.03 mmol), and the mbcture was brought to the boiling 
point for 1 minute, then and cooled down to room temperature. A solution of 6- 
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bromohexene (8.28 g, 50.75 mmol) in THF (30 mL) was transferred via cannula to 
the magnesitun flask and the mixture was refluxed overnight and cooled to -ZS^'C. 
A solution of 2-naphthaldehyde (6.10 g, 39.04 mmol) in TEIF (30 mL) was 
transferred via cannula to the Grignard reagent and the mixture was slowly 

5 warmed to 0°C over 3 houars and kept at tiiat temperature for 2 hours. The reaction 
was quenched with a saturated aqueous ammonium chloride solution and THF 
was evaporated in vacuo. The aqueous residue was poured into a separating 
funnel containing water and the compound was extracted with diethyl ether (2 x 
100 mL). The combined organic layers were washed with brine, dried over 

10 magnesium sulfate and concentrated. The residue was purified by flash 
chromatography (10% to 15% ethyl acetate in hexane), affording the title 
compound 181 in 89% yield (8.33g). NMR: (300 MHz, CDCy 5: 7.85-7.78 (m, 
4H), 7.51-7.44 (m, 3H), 5.85-5.72 (m, IH), 5.02-4.91 (m, 2H), 4.87-4.82 (m, 2H), 2.08- 
2.01 (m, 2H), 1.94-1.80 (m, 2H), 1.53-1.23(m, 4H). MS (ESI) = 223 (MH*-H,0). 

15 Step2: 0-(t-ButyldimethylsilylVl-r2-naphthylV6-heptenol (182^ 

To a solution of alcohol 181 (l.Og, 4.16 mmol) in dichloromethane (40mL) at 
room temperature under nitrogen atmosphere were successively added solid 
i-butyldimetiiylsilyl chloride (815 mg, 5.41 mmol), imidazole (340 mg, 4.99 mmol), 
and a catalytic amount of 2,6-dimethylaminopyTidine. The mixture was stirred 

20 over 1 hotir and triethylamine (696 jiL, 4.99 mmol) was added. The mixture was 
stirred for 2 days. The reaction was quenched widi water and the layers 
separated. The aqueous layer was extracted with dichloromethane and the 
combined organic layers were washed successively with a IN HCl (2 x 10 mL), a 
saturated solution of sodiimri bicarbonate and brine, dried (MgSOJ and 

25 concentrated in vacuo. The crude residue was purified by flash chromatography 
using hexane as the eluent, and affording the title compound 182 in 84% 5rield 
(1.24 g). 'H NMR (300 MHz, CDCy & 7.83-7.79 (m, 3H), 7.70 (s, IH), 7.47-7.40 (m, 
3H), 5.78 (ddt, J = 17.0, 10.4, 6.6 Hz, IH), 5.85-5.71 (m, 2H), 4.79 (dd, J= 6.9, 49 Hz, 
IH), 2.04-1.98 (m, 2H), 1.80-1.54 (m, 2H), 0.90 (s, 9H), 0.04 (s, 3H), -0.14 (s, 3H). MS 

30 (ESI) = 223 (MH*-TBSO). 
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Step3! 6-t-Butyldimethylsilyloxy-^(2>naphthynhexanal (183) 

To a solution of alkene 182 (1.05 g, 3.23 mmol) in f-butyl alcohol (SOmL) 
were successively added water (10 mL), solid sodium bicarbonate (2.71 g, 32.3 
mmol), sodium periodate (4.15 g, 19.38 mmol), and osmium tetroxide (8 mg, 0.032 

5 mmol). The mixture tumed light brown and a precipitate formed in large amount, 
making magnetic stirring impossible so the mixture was shaken by hand every 10 
minutes for 3.5 hours and the brownish color almost disappeared. The reaction 
was quenched with a 10% aqueous solution of sodium thiosulfate. After 30 
minutes, the white precipitate was filtered off and rinsed with diethyl ether. The 

10 filtrate was concentrated in vactw. The residue was partitioned between diethyl 
ether and water. The aqueous layer was extracted (2 x 50 mL) with diethyl ether. 
The combined organic layers were washed successively with a 10% aqueous 
solution of sodium thiosulfate, water and brine, dried (MgSO^), and concentrated 
in vacuo, yielding the tide compound 183 as a crude oil in 91% yield (1.05 g). 

15 NMR: (300 MHz, CDCy 5: 9.73 (t, J = 1.9 Hz, IH), 7.83-7.78 (m, 3H), 7.69 (s, IH), 
7.49-7.43 (m, 3H), 4.80 (t, J = 6.9 Hz, IH), 2.39 (td, J = 7.1, 1.6 Hz, 2H), 1.81-1.55 (m, 
4H), 1.43-1.25 (m, 2H) 0.90 (s, 9H), 0.04 (s, 3H), -0.15 (s, 3H). MS (ESI) 225 (M+1- 
TBSO). 

Step 4: Methyl 8-t-butyldimethylsilyloxy-8-(2-naphthylV2-octenoate fl84) 

20 To a suspension of sodium hydride (60% in mineral oil, 177 mg, 4.42 mmol) 

in THF (25 mL) at room temperature under nitrogen atmosphere was added 
dropwise neat methyl diethylphosphonoacetate (811 \iL, 4.42 mmol). The 
resulting solution was stirred for 10 minutes while cooling down to O^'C. A 
solution of crude aldehyde 183 (1.05 g, 2.94 mmol) in THF (10 mL) was 

25 transferred via cannula. The resulting solution was stirred for 15 minutes at O'C 

and quenched with a saturated aqueous solution of aixunonitim chloride. The THF 
was evaporated in vacuo and the aqueous residue was partitioned between diethyl 
ether and water. The aqueous layer was extracted with diethyl ether and the 
combined organic layers were washed with brine, dried (MgSOJ and 

30 concentrated in vacuo. The crude residue was purified by flash chromatography 
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(5% ethyl acetate/hexane), affording the title compotmd 184 in 63% yield (1.30 g). 

NMR (300 MHz, CDCy 5: 7.83-7.78 (m, 3H), 7.69 (s, IH), 7.49-7.41 (m, 3H), 
6.94 (dt, J = 15.4, 7.1 Hz, IH), 5.79 (dt, J = 15.7, 1.1 Hz, IH), 4.79 (dd, J = 7.1, 5.2 Hz, 
IH), 3.71 (s, 3H), 2.16 (q, J = 7.4 Hz, 2H), 1.81-1.62 (m, 2H), 1.48-1.26 (m, 4H), 0.90 
5 (s, 9H), 0.04 (s, 3H), -0.15 (s, 3H). MS (ESI) = 413 (MET). 

Stfip S-t-Biifyldi methylsilyloxy-8-f2-naphthylV2-octenoic add (185) 

Following a procedure analogous to tiiat described in Example 18, step 3, 
but substituting ester 184 for ester 49a, the title compoimd 185 was obtained in 

100%. NMR (CDCI3) 5: 7.83"7.78 (m, 3H), 7.72 (s, IH), 7.48-7.40 (m, 3H), 6.74 
10 (dt, J = 15.4, 7.1 Hz, IH), 5,78 (d, J = 15.4 Hz, IH), 4.88-4.84 (m, IH), 2.17-2.11 (m, 
2H), 1.82-1.69 (m, 2H), 1.47-1.28 (m, 4H), 0.89 (s, 9H), 0.06 (s, 3H), -0.16 (s, 3H). MS 
. (ESI) = 421 (M'+Na). 

Step 6: N-Hydroxy-8-t-butyldimethylsilyloxy-8-(2-naphthylV2-octenamide (186) 

Following a procedure analogous to that described in Example 14, step 3, 
15 but substituting carboxylic add 185 for 37, and using 1.1 equivalent of 
NHjOKHCl and triethylamine each, the title compound 186 was obtained in 44% 
yield. 'H NMR (CD3OD) 5: 7.83-7.72 (m, 4H), 7.48-7,40 (m, 3H), 6.77 (dt, J = 15.1, 
7.1 Hz, IH), 5.75 (d, J = 15.4 Hz, IH), 4.91-4.79 (m, IH), 2.18-2.14 (m, 2H), 1.79-1.68 
(m, 2H), 1.48-1.39 (m, 2H), 1.2&-1.21 (m, 2H), 0.89 (s, 9H), 0.06 (s, 3H), -0.16 (s, 3H). 
20 MS (ESI) = 436 (M'+Na). 

Step 7: N-Hydroxy-8- hydro^-8-(2-naphthyl)-2-octenamide fl87) 

To a solution of tiie silyl ether 186 (300 mg, 0.725 mmol) in THF (3mL) at 
room temperature was added IN aqueous solution of hydrochloric add (3mL). 
The mixture was stirred for 3 hovirs at 30°C and then added a large volume of 
25 ethyl acetate and water. The water layer was washed with ethyl acetate and the 
combined organic layers were washed with brine, dried (MgSOJ and 
concentrated in vacuo. The crude residue was purified by flash chromatography 
(75% to 100% ethyl acetate/hexane) affording unsatisfactory purity. So the 
compound was purified again tising 8% methanol in dichlorometiiane affording 
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the title compound 187 in 33% yield (77 mg). 'H NMR: (300 MHz, CD3OD) 5: 7.87- 
7.71 (m, 4H), 7.52-7.40 (m, 3H), 6.77 (dt, J = 15.1, 6.9 Hz, IH), 5.75 (d, J = 15.1 Hz, 
IH), 4.76 (t, J = 6.9 Hz, IH), 2.17-2.10 (m, 2H), 1.84-1.77 (m, 2H), 1.49-1.27 (m, 4H) 
1.88-1.75 (m, 4Ei). MS (ESI) = 282 (M*-pH), 322 (M*+Na). 

5 Example 116; 

N-Hydroxy-8-hydroxy-8-(2-naphfhyl)octanamide (188) 

To a solution of 187 (20 mg, 0.067 mmol) in methanol (670 |xL) was added 
solid sodiimi borohydride (2.5 mg, 0.067 mmol). The mixture was stirred for 15 
minutes and the solvent was evaporated in vacuo. The residue was partitioned 

10 between etiiyl acetate and water. The organic layer was dried (MgSOJ and 
concentrated. Purification by flash silica gel chromatography (6% methanol in 
dichloromettiane) afforded the title compotmd 188 in 46% yield (9.1 mg). *H NMR: 
(300 MHz, CD3OD) & 7.84-7.76 (m, 4H), 7.50-7.40 (m, 3H), 4.75 (t, J = 6.6 Hz, IH), 
2.05 (t, J = 7.4 Hz, 2H), 1.86-1.76 (m, 2H), 1.62-1.55 (m, 2H), 1.43-1.23 (m, 6H). 

15 HRMS: (calc.) 283.1572 (M-H^O), (found) 283.1581. 
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Example 117; 

(Z)-N-(2-Aminophenyl)-3-methyl-7-(2-naphthoyl)-^^^ 

Step 1: l-0"Acetyl-2-naphihyl-4rpentenol (189) 

5 Following a procediire analogous to that described in Example 115, step 1, 

but substituting 4-bromobutene for 6-bromohexene, the resulting alcohol (2.16g, 
10.16 mmol) was dissolved in dichloromethane (80 ml) and was added Et^N (5.7 
ml, 40.6 mmol), acetic anhydride (19 ml, 30.5 mmol) and DMAP (62 mg, 5%) at 
O^'C. The solution was warmed up at room temperature and stirred for 5 hours. 

10 The resulting solution was washed with a saturated solution of NaHCOj (2 x 50 
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mL), brine and then dried over Na^SO^ and concentrated to give the product 189 
(2,6g, 99%). ""C NMR: (75 MHz, CDC13) 8: 21.2, 29.6, 35.2, 75.5, 115.2, 124.2, 125.7, 
125.9, 126.1, 127.6, 127.9, 128.2, 133.0, 133.0, 137.3, 137.7, 170.2. MS (ESI) = 277 
(M'+Na). 

5 Step 2: f£/Z)-E lhyl-3-trifluoromethanesulfonvloxy-2-butenoate (190) 

To a solution of ethyl acetoacetate (545 pi, 5mmol) in dichloromethane at 
-78'C was added EtgN (2.1 ml, 15 mmol). After for 2 hours Tifi (1.1 ml, 3.9 mmol) 
was added and the solution was stirred at •'78**C for 5 hours. The solution was 
warmed up at room temperature and was diluted with anhydrous methanol. The 
10 oil was filtered through a pad of silica gel eluting with ether and concentrated to 
give yellow oil. Purification by column chromatography over silica gel gave the 
f oUowing compoxmds 190: E-isomer (575 mg, 46%), Z-isomer (409 mg, 33%). ''C 
NMR: (75 MHz, CD3OD) 5: 25.2, 25.3, 28.7, 33.7, 39.1, 117.4, 124.7, 127.8, 128.7, 
129.0, 129.5, 130.6, 131.0, 137.8, 161.9, 170.1. MS (ESI) = 297 (MIT). 

15 Step 3: (£/2n-Ethyl-3-methyl-8-acetoxy-8-r2-naphthyn-2-octenoate (191) 

An oven-dried flask equipped with a reflux condenser and a septum inlet 
was fltished with nitrogen and charged with a solution of 9-BBN (0.5M, 0.66 mmol 
) and then alkene 189 (168 mg, 0.66 nunol) at 0°C The mixture was warmed up 
slowly to room temperature and stirred for 6 hours. To tiiis solution were added 

20 dioxane (4 ml), powder K3PO, (191 mg, 0.90 mmol), Pd(PPh3), (18 mg, 0.015 
mmol), and triflate 190 (solution in dioxane 0.18M, 3.42 ml, 0.60 mmol). The 
mixture was heated at 85°C for 17 hours. Then the mixture was diluted with 
hexane at room temperature, and the residual borane was oxidized with 3 M 
NaOH (1 ml) and 30% H^Oj (1 ml) for 1 hour. The product was extracted, washed 

25 with brine, dried over Na^SO^ and finally isolated by chromatography over silica 
gel (hexanes:Et20: 10:1 to 1:1) to give 70% as iruxture of E and Z-isomers 191 in a 
1:1.1 ratio. The 20% of Z-isomer was isolated from the mixture: NMR (75 
MHz, CDCI3) 5: 21.1, 24.9, 25.5, 27.6, 32.9, 35.8, 50.6, 75.9, 115.6, 124.1, 125.5, 125.8, 
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126.0, 127.5, 127.8, 128.1, 13Z8, 132.9, 137.9, 160.4, 166.5, 170.2. MS (ESI) = 375 
(Ivf+Na). 

Step 4: rZV-8-Hydroxy-3-methyl-8-(2-naphthvD-2-octenoic add (192) 

Following a proceduie described in Example 1, step 4, but substituting 
5 ester 191 for ester 3, the compound 192 was obtained in 99% yidd. ''C NMR (75 
MHz, CDCn,) 5 25.3, 26.9, 29.1, 34.0, 39.7, 75.1, 117.1, 125.3, 125.6, 126.5, 126.9,. 
128.5, 128.8, 128.9, 1343, 1347, 143.9, 162.2, 169.7. MS (ESI) = 281 (MIT-H^O) 

Step 5: f Z)-3-Mefhyl-7-f 2-naphthoyn-2-heptenoic add ri93) 

To a solution of 192 (98 mg, 0.33 mmol) in dry dichloromethane (6 mL) was 
10 added a solution of Dess-Martin reagent (162 mg, 0.38 mmol) in dry 

dichloromethane (1 mL) via cannula. The mixture was stirred at room temperature 
for 24 hours. The mixture was diluted witti ether and NaHSOj (221 mg) in 
aqueous solution was added witti stirring until the phases are homogeneous. The 
product was extracted, washed with 5% KHSO^ brine, dried over Na^SO^, and 
15 finally isolated by chromatography over silica gel (hexanes:Et^O: 4:1 to 1:1) to give 
193 in 94% yield. ^'CNMR (75 MHz, CDjOD) 8: 25.2, 25.3, 28.7, 33.7, 39.1, 117.4 
1247, 127.8, 128.7, 129.0, 129.5, 130.6, 131.0, 137.8, 161.9, 170.1. MS (ESI) = 297 
(MIT). 

Step 6: rzVN-r2-Aminophenyn-3-me thyl-7-naphthoyl-2-heptenamide (194) 

20 Following a procedure described in Example 35, but substituting 

respectively add 193 for add 80 and 1,2-phenylenediamine for aniline, fhe 
compound 194 was obtained in 99% yield. 'H NMR (300 MHz, CD3OD): 8.01 (d, 
2H, J = 8.0 Hz), 7.92 (d, 2H, J = 8.8 Hz), 7.65-7.54 (m, 3H), 7.09 (d, J=8.0 Hz, IH), 
6.68 (dd, J = 7.7, 7.4 Hz, IH), 5.97 (s, IH), 3.22 (t, J = 7.1 Hz, 2H), 2.82 (dd, J = 7.4 

25 7.7 Hz, 2H), 1.91-1.80 (m, 2H), 1.77-1.63 (m, 2H). ''C NMR (75 MHz, CH3OD): 25.1, 
25.2, 28.7, 33.4 39.1, 118.6, 119.6, 1247, 125.4 126.9, 127.8, 127.9, 128.7, 129.4, 129.5, 
130.7, 131.1, 133.9, 135.5, 136.9, 140.8, 143.0, 157.6, 167.5, 202.6 
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Example 118; 

(Z)-N-(2-Aminophenyl)-3-methyl-7-(2-naphtho7l)heptanainide(l^^^ 

Step 1: Ethyl-3-methyl-8-0-acetoxy-8-^2-naphfltvlV2-octenoate (195) 

To a cold (ice batti) solution of 191 (126 mg, 0.36 mmol) in dry CH3OH (4 
5 ml) were added 3 ml of a 4% CH3OH solution of NiCl,.6HjO (0.6 mmol). The 
solution was stirred for 30 min at 0°C and ihen treated portionwise with NaBH^ 
(46 mg, 1.22 mmol). The resulting black solution was stirred for additional 1 hotir 
at 0°C, and then the ice bath was removed. After 18 hours at room temperature the 
mixture was treated witti NaHCOy filtered through Celite, and concentrated. The 
10 residue was partitioned between saturated NaHCOj solution and 

dichloromethane. The combined organic layers were dried Na^SO^ and 
concentrated to give crude 195. Flash chromatography on silica gel of the residue 
afforded 67% of 195 (86 mg). "C NMR (75 MHz, CDQ,) 5: 19.5, 25.5, 26.5, 30.1, 
36.0, 36.4, 41.1, 41.4, 51.3, 76.1, 124.2, 125.6, 125.9, 127.6, 127.9, 128.2, 132.9, 133.0, 
IS 137.9, 170.3, 173.6. MS (ESI) = 379 (M*+Na). 

Step 2: 8-Hydroxy-3-methyl-8-f2- naphthyn-octanoic acid (196^ 

Following a procedxue described in Example 1, step 4, but substituting 
ester 195 for ester 3, the compound 196 was obtained in 99% yield. "C NMR (75 
MHz, CDCI3) 5: 20.0, 27,0, 27.9, 31.4, 37.6, 39.9, 42.6, 75.2, 125.3, 125.6, 126.5, 126.9, 
20 128.6, 128.8, 128.9, 134.3, 134.7, 143.9, 177.2. MS (ESI) = 323 (M*+Na*). 

Step 3; 3-Methyl-7-naphthoyl-heptanoic add (197) 

Followiiig a procedure described in Example 117, step 5, but substituting 
196 for 192, the compound 197 was obtained in 94% yield. ^H NMR: (300 MHz, 
CDCI3) 5 8.06-7.55 (m, 7H), 3.32 (br s, IH), 3.16 (t, J = 6.9Hz, IH), 2.32 (dd, J = 6.0, 
25 14.0 Hz, IH), Z14-2.06 (m, IH), 1.96-1.95 (m,lH), 1.78-1.73 (m, 2H), 1.47-1.29 (m, 
3H), 0.97 (d, J = 6.04 Hz, 3H). MS (ESI) = 299 (MH*). 
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Step 4: N-(2-Ammophenyl)-3-Methyl-7-mph1hoyl-heptanajmide (198) 

Following a proceduie described in Example 35, but substituting add 193 
for add 80 1,2-phenylenediainine for aniline, the compound 198 was obtained in 
87% yield. *H NMR (300 MHz, CD3OD): 8.05-7.91 (m, 4H), 7.67-7.53 (m, 2H), 7.10- 
5 6.68 (m, 5H), 3.33-3.31 (m, 2H), 3.19 (dd, J = 6.9, 7.4 Hz, 2H), 2.47-1.29 (m, 7H), 1.05 
(d, J = 6.6 Hz, 3H), "C NMR (75 MHz, CD3OD): 20.1, 25.8, 27.7, 32.1, 37.7, 39.4, 
44.87, 118.6, 119.5, 124.7, 127.1, 127.8, 128.3, 128.8, 129.5, 129.6, 130.7, 131.1, 134.1, 
137.1,174.6,202.7. 

Example 119: 

10 N-Hydioxy-3-methyl-7-(2-naphthoyl)heptanamide (199) 

Following a procedure analogous to that described in Example 14, step 3, 
but substituting carboxylic add 197 for 37, and using 1.1 equivalent of 
NH,OH.Ha and triethylamine eadv the title compovmd 199 was obtained in 63% 
yield. *H NMR (300 MHz, CD3OD): 8.07-7.58 (m, 7H), 3.32 (t, J = 1.7 Hz, 2H), 3.18 
15 (dd, J= 7.4, 6.7 Hz, 2H), 2.13-1.30 (m, 7H), 0.95 (d, J = 6.3 Hz, 3H). "C NMR (75 

MHz, CD3OD): 19.7, 25.7, 27.6, 31.7, 37.6, 39.4, 41.4, 124.7, 127.9, 128.7, 129.4, 129.6, 
130.7, 131.1, 1341, 135.6, 137.1, 172.4, 202.8. 
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Example 120: 

(£,£)-N-(2'-Aminophenyl)-7-[(4-biphenyl)carbonyl]-2,4-heptodienaim 

Step 1: l-(4-Biphenyl)-4-hydroxybutanone (200^ 

To a solution of bromobiphenyl (1 g, 4.3 mmol) in THF (20 mL) 
5 stirred at - 78**C iinder nitrogen was dropwise added n-BuLi (2.5M in hexane, 1.89 
mL, 4.72 mmol). The mixture was stirred for 2 hours at - 78''C then warmed up to 
O'C and transferred via cannula over a solution of 7-but3n:olactone (362 jiL, 4.72 
mmol) in THF (10 mL) cooled at -78*'C. The reaction mixture was stirred for 2 
hours at - 78°C, quenched by a slow addition of water (10 mL), and flien extracted 
10 with ethyl acetate (3 x 50 mL). The combined organic layers were dried (MgSOJ 
and concentrated. Purification by flash silica gel chromatography (40% ethyl 
acetate in hexane) afforded the corresponding the alcohol 200 (430 mg, 42% yield). 
MS (ESI) = 241 (MIT). 

Step 2: 3-f (4-'Biphenylkarbonyl]propionaldehyde (201) 

15 To a suspension of pyridirdum chlorochromate (448 mg, 2.08 mmol), 

soditim acetate (170 mg, 2.08 mmol), Celite (200 mg) and molecular sieves 4A(10 
mg) in anhydrous dichloromethane (10 mL) at room temperature under nitrogen 
was slowly added a solution of alcohol 200 in dichloromethane (5 mL). The 
reaction mixture was stirred at room temperature for 30 minutes and then filtered • 

20 through a short pad of Celite. The organic layer was dried (MgSOJ, concentrated, 
and the crude was purified by flash silica gel chromatography (40% ethyl acetate 
in hexane) affording the aldehyde 201 (160 mg, 73% yield). MS (ESI) = 239 (MH"). 

Step 3: fE.£)-Ethyl-7-[f4-biphenylkarbonyn-2.4-heptadienoate (202) 

To a solution of aldehyde 201 (180mg, 0.75 inmol) in THF (10 mL), stirred 
25 at 0°C imder nitrogen, was added triefhyl-4-phosphonocrotonate (220 ^iL, 0.98 

mmol) followed by sodium hydride (40 mg, 0.98 mmol). The mixture was allowed 
to warm up to room temperature in 2 hours and then quenched by adding water, 
and extracted with ethyl acetate. The combined organic layers were washed with 
brine, dried (MgSOJ and concentrated. Purification by flash silica gel 
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chromatography (30% ethyl acetate in hexane) afforded the corresponding diene 
202 (100 mg, 40% yield). MS (ESI) = 335 (MIT). 

Step 4: rE.£V7-ff4-Biphenylkarbonyl]-2.4rheptadienoic acid (203) 

Following the procedure described in Example 18, step 3, but substituting 
ester 202 for ester 49a, the tide compoimd 203 was obtained in 80% yield. 
NMR: (300 MHz, CDCl^CDpD 5:1) 8: 7.89-7.95 (2 m, 2 H), 7.49-7.65 (m, 4 H), 
7.28-7.40 (m, 3 H), 7.15 (dd, J = 15.3 , 9.9 Hz, 1 H), 6.05-6.24 (m, 2 H), 5.69 (d, J = 
15.6 Hz, 1 H), 3.1 (t, J = 7.2 Hz, 2 H), 2.50-2.60 (m, 2 H). 

Step 5: fE.EVN-f2-AminophenylV7-ff4-biphenyl)carbonyll-2.4-heptadienamide 
(204) 

Following the procedure described in Example 22, but substituting 
caihoxyMc add 203 for 50g, the title compound 204 was obtained in 47% yield. MS 
(ESI) = 397(MH). 

Example 121; 

(E,E)-2S/-Hydroxy-7-[(4-biphenyl)carbonyll-2,4-hepladienanude (205) 

Following the procedure described in Example 14, step 3, but siibstituting 
carboxylic acid 203 for 37, and xising 1.1 eqmvalent of NH2OH.HCI and 
triethylamine each, the title compound 205 was obtained in 35% yield. MS (ESI) .= 
322 (MH*). 
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NaH 



1.HOBt,E0C 
2. NHjOH-HCI. EtsN 




208 




1. HOBt, EOC 



2. f*^'^"^ 



(Example 122) 



210 

(Example 123) 



Example 122: 

N-Hydroxy-N-(2'-naphthylmethyl«methylamino)hexan^^ (209) 

Step 1: N-Methyl-£-caprolactam (206^ 

To a solution of E-caprolactam (2.0 g, 17.6 mmol) in anhydrous THF (15 
mL) at 0°C was added NaH, 60% dispersion in oil (1.06 g, 26.0 mmol)/ and the 
mixture was stirred at 0°C for 30 minutes. The cold bath was removed and the 
mixture was stirred at room temperature for 1 hour and then cooled again to O^'C. 
Methyl iodide (1.65 mL, 26.0 ixunol) was added dropwise over 10 minutes, ihen 
flie cold bath was removed and the mixture was stirred at room temperature for 
18 hours. The excess NaH was quenched with methanol, THF was removed in 
vacuo and the crude was partitioned between ethyl acetate and water. The 
aqueous phase was washed with ethyl acetate (2 x 30 mL), adding solid NaCl to 
break the emxilsion. Organic washings were combined and dried over Na^SO^. 
Ethyl acetate was removed in vacuo and the crude product 206 (1.54 g, 68%) was 
used without further purification. MS (ESI) = 128 (MH^. 
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Step 2: 6-N-Methylamino hexanoic add (207) 

A mixture of N-metiiyl e-caprolactam 206 (1.1 g, 8.6 nunol) and 8N HCl (8 
mL) and H^O (4 mL) was refluxed for 18 hours. The resulting solution was cooled 
to room temperature, diluted witii H^O (20 mL) and the mixture was evaporated 
5 to drjniess. Additional H^O (10 mL) was added and again removed in vacuo. The 
crude residue was triturated with acetone (2X5 mL), removing acetone each 
time. The resulting solid was dried in vacuo to yield the desired product 207 (1.21 
g, 96%). MS (ESI) = 146 (MH^. 

gtep 3: 6-N-(2-naphthyhnethyl-methylamino)hexanoic add (208) 

10 Following the procedure described in Example 122, step 1, but substituting 

respectively the amino add 207 for the azepan-2-one, 2-bromomethyl- 
naphthalene for methyl iodide, and DMF for THE, the title compound 208 was 
obtained in 45% yield after purification by coliram chromatography (33% to 90% 
methanol in dichloromethane). 

15 Step 4: N-Hydroxy"6-N-(2-naphthylmethyl-methylarnino)hexanamide (209) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 208 for 37, and using 1.1 equivalent of NHjOH • HCl and 
trietiiylamine each, the title compoimd 209 was obtained in 20% yield. NMR: 
(300 MHz, DMSO-d,) 5 10.3 (br s, IH), 8.65 (br d, J = 0.8 Hz, IH), 7.86 (m, 3H), 7.80 
20 (s, IH), 7.47 (m, 3H), 3.58 (s, 2H), 2.33 (t, J = 7.2 Hz, 2H), 2.12 (s, 3H), 1.93 (t, J = 7.3 
Hz, 2H), 1.48 (m, 4H), 1.26 (m, 2H). 



Example 123: 

N-(2-Aminophenyl)-N-(2-naphthylmethyl-methylamino)hexanamide(210) 

Following the procedure described in Exeimple 22, but substituting 
25 carboxylic add 208 for SOg, the tide compoimd 210 was obtained in 20% peld. ^H 
NMR (300 MHz, DMSOd,) 5 9.1 (br s, IH), 7.86 (m, 3H), 7.86 (m, 3H), 7.78 (br s, 
IH), 7.47 (m, 3H), 7.14 (dd, J = 8.0, 1.4 Hz, IH), 6.87 (dt, J = 8.0, 1.4 Hz, IH), 6.70 
(dd, J = 8.0, 1.4 Hz, IH), 6.51 (dt, J = 7.4, 1.4 Hz, IH), 4.81 (br, 2H), 3.63 (br, 2H), 
2.39 (br, 2H), 2.30 (t, J = 7.3 Hz, 2H), 2.16 (br s, 3H), 1.56 (m, 4H), 1.35 (m, 2H). 
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214 



213 
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1. HOm. EDC 

Z NH2OH HCI, EtsN 




Example 124: 

N-Hydroxy-5-N-(2-naphthylmethyl-methylamino)pentanamide (213) 

Step 1: 5-Meihylaimno-pentanoic add ^211) 

Following the procedure described in Example 122, step 2, but substituting 
l-methyl-2-piperidone for 206, the title compound 211 was obtained in 95% yield. 
MS(ESI) = 132(MH*). 

Step 2: 5-N-(2-naphthylmethyl-methylamino^pentanoic acid (212) 

Following the procedure described in Example 122, step 3, but substituting 
amino acid 211 for 207, the title compoimd 212 was obtained in 58% yield. MS 
(ESI) = 272 (MIT). 

Step 3: N-Hydroxy-5-N-(2"naphthylmethyl-methylamino)pentanamide (213) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 212 for 37, and using 1.1 eqtiivalent of NH^OHJEia and 
triethylamine each, the tide compoimd 213 was obtained in 33% yield. *H NMR: 
(300 MHz, DMSadJ 5 10.30 (br s, IH), 8.61 (br s, IH), 7.85 (m, 3H), 7.75 (s, IH), 
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7.46 (m, 3H), 3.57 (s, 2H), 2.34 (t J = 6.9 Hz, 2H), 2.1 (s, 3H), 1.93 (t, J = 6.9 Hz, 2H), 

1.47 (m,4H). 

Example 125: 

Ar-Hydroxy-5-N-[2-(2-naphthylethyl)-methylamino]pen^ 

5 Step 1: 2-r2-Bromoethyl)naphthalene (214) 

A solution of triphenylphosphine (0.57 g, 2.2 mmol) and N- 
bromosucdnimide (0.39 g, 2,2 mmol) in anhydrous dichloromethane (4 mL) was 
stirred for 10 minutes. 2-Naphthalenethanol (0.25 g, 1.45 mmol) was added, 
followed immediately by imidazole (0.25 g, 1.45 nunol) and the mixture was 

10 stirred at room temperature for 18 hours. The reaction mixture was partitioned 
between H^O and dichloromethane. The aqueous layer was extracted witti diethyl 
ether (2 x 20 mL) and the combined organic extracts were dried over MgSO^ and 
evaporated to dryness. The crude residue was purified by column 
chromatography through a plug of silica gel eluting with 10% ethyl acetate in 

15 hexanes to afford a colorless solid 214 (0.29 g, 86%). 

Step 2: 5-N~[2"(2-NaphthylethylVmethylamino]pentanoic add f215) 

A mixture of amino add 211 (60 mg, 0.45 mmol), 2-(2- 
bromoethyl)naphthalene (0.15 g, 0.64 mmol) and potassiimi carbonate (0.24 g, 1.7 
mmol) in methanol-HjO (2 : 1.5 mL) was heated at reflux for 7 hours and then at 

20 room temperature for 18 hours. Methanol was removed in vacuo, the remaining 
aqueous residue was partitioned between ethyl acetate and HjO and extracted 
witii ethyl acetate (2 x 20 mL). The aqueous layer was evaporated to dr3mLess, 
triturated witii methanol and filtered to remove inorganic solids. The filtrate was 
evaporated to dryness and then purified by colxunn chromatography using a 

25 gradient of 25 to 75% metiianol in dichloromethane to afford a colorless solid 215 
(85 mg, 69%). MS (ESI) = 286 (M+1). 
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Step 3: N-HydrQxy-5-N-[2-f2-naphthylethylVmea\y lai Tuno (216) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 215 for 37, and using 1.1 equivalent of NH^ORHa and 
trietiiylamine each, the title compound 216 was obtained in 15% 3^eld NMR: 
(300 MHz, DMSOd,) 5 7.83 (m, 3H), 7.71 (s, IH), 7.44 (m, 3H), 2.86 (dd, J = 8.5, 6,9 
Hz, 2H), 260 (m, 2H), 2,34 (t, J = 7.0 Hz, 2H), 2.2 (s, 3H), 1.93 (t, J = 7.15 Hz, 2H), 
1.43 (m,4H). 




I.HOBUEDC 
^NH20H'HCI,BaN 



220a 
(Example 126) 



220b 
(Example 127) 




TFA, DCM 



222 
(Example 128) 



HTFA 
223 
(Example 129) 



1.H0Bt,EDC 



Boe 

224 
(Example 130) 
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Example 126; 

N-Hyd]X)xy-6-N-(Benzyloxycarbonyl-2-naphthylmethylai^ 
(220a) 

Step 1: N-2-Naphthylmethyl-e-caprolactam (217) 

5 Following the procedure described in Example 122, step 1, but stibstituting 

respectively 2-bromomethylnaphthalene for methyl iodide, and DMF for THF, the 
title compound 217 was obtained in 97% yield. MS (ESI) = 254 (MIT). 

Step 2: 6-N-f2-Naphthylmethylamino)hexanoic acid (218) 

Following the procedure described in Example 122, step 2, but substituting 
10 217 for 206, the title compound 218 was obtained in 69% yield. MS (ESI) = 272 
(MtT). 

Step 3: 6-N-<Benzyloxycarbonyl-2-naphthylmethylaniino)hexanoic add (219a) 

To an emulsion of compoimd 218 (70 mg, 0.26 mmol) in dioxane-H^O (1.5 : 
2.5 mL) stirring at room temperature was added NaOH (0.1 g, 2.5 mmol) 

15 dissolved in 1 mL H^O followed by benzyloxycarbonyl chloride (0.044 mL, 0.31 . 
mmol). The mixture was stirred vigorously for 18 hours. Dioxane was removed in 
vacuo and the resulting aqueous layer was diluted with HjD and extracted with 
diethyl ether (2 x 20mL). Subsequently, the aqueous layer was neutralized to pH 7 
using a KHSO^ solution (0.37 M) and then extracted with ethyl acetate (2 x 30 mL). 

20 The combined organic extracts were dried over Na^SO^ and then evaporated to 
dryness to afford a crude oil 219a (75 mg, 72%) that was used without furtiier 
purification. MS (ESI) = 428 (MtT). 

Step 4: N"Hydroxy-6-N-fBenzyloxycarbonyl-2-naphthylmethylainino)hexanamide 
(220a) 

25 Following the procedure described in Example 14, step 3, but substituting 

carboxylic acid 219a for 37, and using 1.1 equivalent of NHjOH.HQ and 
triethylamine each, the title compoimd 220a was obtained in 66% yield. NMR: 
(300 MHz, DMSOdJ 6 10.30 (br s, IH), 8.65 (br s, IH), 7.87 (m, 3H), 7.7 (br d, J = 
10.7 Hz, IH), 7.49 (t, J = 3.7 Hz, 2H), 7.38 (m, 4H), 7.25 (m, 2H), 5.13 (br d, J = 6.6 
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Hz, 2H), 4.61 (s, 2H), 3.22 (m, 2H), 2.1 (m, IH), 1.88 (m, 2H), 1.47 (m, 4H), 1.20 (m, 
2H). 

Example 127; 

N-Hyd]t>xy-6-N-(Benzyl-2-naphihylmethylamino)hexa^ (220b) 

5 Step 1: 6-N-nBeiizyl-2"naphthylme1hylamino^hexanoic acid (219bl 

Following itte procedure described in Example 122, step 1, but substituting 
respectively the amino add 218 for tiie e-caprolactam, benzyl bromide for metiiyl 
iodide, and DMF for 1HF, the title compotmd 219b was obtained in 56% yield. MS 
(ESI) = 362(MH*). 

10 Step 2: N-Hydroxy-6-N-ft)erizyl-2-naphthylmethylamino)hexanamide f22Gb^ 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 219b for 37, and using 1.1 equivalent of NH2OH.HCI and 
triethylamine each, the title compound 220b was obtained in 27% yield. *H NMR: 
(300 MHz, DMSO-d,) 5 10.29 (br s, IH), 8.65 (br s, IH), 7.84 (m, 4H), 7.48 (m, 3H), 
15 7.33 (m, 4H), 7.21 (m, IH), 3.66 (s, 2H), 3.54 (s, 2H), 3.35 (t, J = 7.1 Hz, 2H), 1.87 (t, J 
= 7.3 Hz, 2H), 1.46 (m, 2H), 1.40 (m, 2H), 1.19 (m, 2H). 

Example 128: 

N-Hydioxy-6-N-(tert-butoxycarbonyl-2-naphthylmethylamino)hexanamide 
(222) 

20 Step 1: 6-N-f terf-Butoxycarbonyl-2-naphthylmethylamino)hexanoic add (221) 

Following the procedure described in Example 126, step 3, but substituting 
di-tert-butyl dicarbonate for benzyloxycarbonyl chloride, the title compotmd 221 
was obtained in 88% yield. MS (ESI) = 394 (MH*). 

Step 2: N"Hydroxy-6-N-( ^gr^butoxycarbonyl-2- 
25 naph%hnethylamiAo)hexf^naTnide (?,22) 

Following the procedxire described in Example 14, step 3, but substituting 
carboxylic acid 221 for 37, and using 1.1 equivalent of NHjOHUCl and 
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triethylamine each, the title compound 222 was obtained in 60% yield. NMR : 
(300 MHz, DMSOdJ 5 10.31 (br s, IH), 8.65 (br s, IH), 7.87 (m, 3H), 7.7 (br s, IH), 
7.5 (m, 2H), 7.37 (m, IH), 4.52 (br s, 2H), 3.15 (m, 2H), 1.90 (t J = 7.3 Hz, 2H), 1.41 
(m,13H), 1.17 (m,2H). 

5 Example 129: 

N-Hyd]t)xy-6-N-(2-naphfhyImethylamino)hexanamide trifluoioacetate (223) 

To a stirring solution of compound 222 (65.0 mg, 0.17 mmol) in anhydrous 
dichloromethane (3 mL) at room temperature was added trifluoroacetic acid (3.5 
mL) dropwise. The solution was stirred for 18 hours, dichloromethane and 

10 trifluoroacetic acid were removed in vacuo, the residue was dissolved in Hfi and 
then extracted witii ethyl acetate (2 x 20 mL). The aqueous layer was lyophilized 
to yield tiie final product 223 as a colorless oil (30.0 mg, 45%). 'H NMR : (300 
MHz, DMSOd,) 6 10.35 (s, IH), 8.79 (br s, 2H), 8.67 (s, IH), 7.96 (m, 4H), 7.58 (m, 
3H), 4.3 (br s, 2H), 2.94 (br s, 2H), 1.93 (t, J = 7.4 Hz, 2H), 1.61 (m, 2H), 1.49 (m, 

15 2H),1.27(m,2H). 

Example 130; 

N-(2-Aininophenyl)-6-N-(t^-butoxycarbonyl-2-naphthylmethylamino)- 
hexanamide (22^ 

Following the procedxire described in Example 22, but substituting 
20 carboxylic acid 221 for 50g, the title compound 224 was obtained in 53% yield. ^H 
NMR: (300 MHz, DMSO-dJ 5 9.06 (br s, IH), 7.87 (m, 3H), 7.71(br s, IH), 7.49 (m, 
2H), 7.38 (d, J = 8.5 Hz, IH), 7.13 (d, J = 6.6 Hz, IH), 6.88 (m, IH), 6.70 (dd, J = 1.1, 
8.0 Hz, IH), 6.52 (dt, J = 1.4, 8.2 Hz, IH), 4.8 (m, 2H), 4.54 (br s, 2H), 3.17 (m, 2H), 
2.28 (t, J = 7.3 Hz, 2H), 1.44 (m, 15H). 
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HOBt/EDC 
NH2OH.KCI 

s-n^capjovaMc 226a:Ar= (Example 131) 

\ 226b:Ar=|fy^ (Example 132) 



226 O 



Qxone 




228 O ifo 



Q p 

Ai 



229 O 




(Example 134) 



HOBt/EDC 
NHgOHJSCI 



230 O 



229a :Ar= QQT (Example 135) 230a :Ars QQ^ (Example 137) 

229b:Ar=:(rY^ (Example 136) 230b:Ar=lfy^ (Example 138) 



Example 131; 

N-Hydroxy-5-(2-naphthoylmethylsulfanyl)pentanamide(226^ 

Step 1: 5-(2'-Naphthoylmethylstdfanyl)pentanoic add f225a) 

To a solution of bromomettiyl-2-naphthyl ketone (2 g, 8.00 mmol) in 
anhydrous THF (50 mL) was added 5-mercaptovaleric add (1.07 g, 8.00 mmol), 
followed by potassium carbonate (5.71 g, 41 mmol). The suspension was refluxed 
for 1 hour, cooled to the room temperature and filtered. The solid was collected, 
dissolved in a 1:1 mixture water-THF and acidified with HCl (pH 1-2). The addic 
solution was extracted with ether, dried (MgSO^), filtered and evaporated to 
produce the title compound 225a (1.21 g, 50% yield).'H NMR (300 MHz, DMSO 
d,) 6 11.98 (br s, IH), 8.69 (s, IH), 8.10 (d, J = 7.5 Hz, IH), 8.00-7.98 (m, 3H), 7.67- 
7.61 (m, 2H), 4.09 (s, 2H), 2.52 (t, J = 6.6 Hz, 2H), 2.19 (t, J = 6.6 Hz, 2H), 1.56-1.53 
(m,4H). 
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Step 2: N-Hydroxy 5"f2-naphthoylmethylsulfanyllpentanamide (226sl) 

Following tiie procedure described in Example 14, step 3, but substituting 
carboxylic add 225a for 37, and using 1.1 equivalent of NI^OH.HCl and 
^ triethylamine each, the title compound 226a was obtained in 24% 5deld. IH NMR: 
5 (300 MHz, DMSO-dJ 5 10.33 (s, IH), 8.70 (s, IH), 8.66 (s, IH), 8.10 (d, J = 7.7 Hz, 
IH), 8.00-7.97 (m, 3H), 7.70-7.59 (m, 2H), 2.51 (t, J = 6.9 Hz, 2H), 4.10 (s, 2H), 1.94- 
1.91 (m, 2H), 1.53-1.51 (m, 4H). 

Example 132; 

N-Hydroxy-5-(4-biphenylcarbonylmethanesulfanyl)pentanainide(226b) 

10 Step 1: 5-(4-Biphenylcarbonylmethanesiilfanyl)pentanoic add (225b'> 

Following the procedure described in Example 131, step 1, but substituting 
bromomethyl-4-biphenyl ketone for bromometiiyl-2-naphthyl ketone, flie tide 
compound 225b was obtained in 81% yield. 'H NMR (300 MHz, CDCy 5 8.05 (d, 
J = 8.0 Hz, 2H), 7.71-7.62 (m, 4H), 7.50-7.40 (m, 3H), 3.81 (s, 2H), 2.60 (t, J = 6.3 Hz, 
15 2H), 2.38 (t, J = 6.9 Hz, 2H),1.72.1.68 (m, 4H). 

Step 2: N-Hydroxy-5-(4-biphenylcarbonylmethanesulfanyl)pentanamide (226b) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 225b for 37, and using 1.1 equivalent of NH20H.Ha and 
triethylamine each, the title compoimd 226b was obtained in 30% yield. *H NMR: 
20 (300 MHz, DMSOdJ 6 10.31 (s, IH), 8.65 (s, IH), 8.05 (d, J = 8.2 Hz, 2H), 7.73 (d, J 
= 8.0 Hz, 2H), 7.80 (d, J = 8.5 Hz, 2H), 7.51-7.41 (m, 3H), 3.98 (s, 2H), 1.92 (br s, 
4H),1.51 (br.s,4H), 

Example 133: 

N-(2-Aminophenyl):5-(2-naphthoylmethylsulfanyl)pentanamide (227a) 

25 Following the procedure described in Example 22, but substituting 

carboxylic add 225a for 50g, the title compound 227a was obtained in 20% jdeld. 
'H NMR (300 MHz, DMSOd^ 5 9.07 (s, IH), 8.69 (s, IH), 8.10-7.97 (m, 4H), 7.68- 
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7.58 (m, 2H), 7.11 (d, J = 7.1 Hz, IH), 6.86 (t, J = 7.1 Hz, IH), 6.80 (d, J = 7.7 Hz, 
IH), 6.50 (t, J = 7.4 Hz, IH), 4.78 (s, 2H), 4.10 (s, 2H), 2.56 (t, J = 6.6 Hz, 2H), 2.30 (t, 
J = 6.6 Hz, 2H), 1.61 (br s, 4H). 

Example 134; 

5 N-(2-A]ninophenyl)'-5-(4-biphenylcarbonylmethanesulfanyl)penta^ 
(227b) 

Following Ihe procedure described in Example 22, but substituting 
carboxylic acid 225b for 50g, the title compound 227b was obtained in 34% yield. 
'H NMR (300 MHz, DMSOd^ 5 9.07 (s, IH), 8.05 (d, J = 8.2 Hz, 2H), 7.80 (d, J = 
10 8.0 Hz, 2H), 7.73 (d, J = 7.7 Hz, 2H), 7.51-7.41 (m, 3H), 7.12 (d, J = 7.5 Hz, IH), 6.86 
(t, J = 7.5 Hz, IH), 6.69 (d, J = 7.8 Hz, IH), 6.51 (t, J = 7.5 Hz, IH), 4.79 (s, 2H), 4.00 
(s, ZH), 2.53 (t, J = 6.6 Hz, 2H), 2.30 (t, J = 7.2 Hz, 2H), 1.61 (br s, 4H). 

Example 135: 

]V-Hydroxy-5-(2-naphthoylmethylsulfonyl)pentanamide (229a) 

15 Step 1: 5-f2-Naphthoylmethylsulfonynpentanoic acid f228a) 

To a solution of 225a (755 mg, 2.50 mmol) in methanol (30 mL) at C'C was 
added a solution of oxone (2.3 g, 3.75 mmol) in water (30 mL). The mixture stirred 
at the same conditions for 6 hours, methanol was removed in vacuum and the 
water phase was extracted with chloroform. The extract was dried over MgSO^ 
20 filtered and evaporated to afford the title compound 228a (520 mg, 62% yield). MS 
(ESI) = 335 (MHO. 

Step 2: N-^ydrQxy-5-(^-^apht^oylme%lsulfonyl)peTltanaInide (229a) 

Following the procedure described in Example 14, step 3, but substituting 
25 carboxylic acid 228a for 37, and using 1.1 equivalent of ]SfH20H.HCl and 

triethylamine each, the title compotmd 229a was obtained in 30% 5deld. ^H NMR 
(300 MHz, DMSOd,) 8 10.38 (br s, IH), 8.83 (s, IH), 8.71 (s, IH), 8.13 (d, J = 7.7 Hz, 
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IH), 8.06-7.99 (m, 3H), 7.74-7.63 (m, 2H), 5.19 (s, IH), 3.34 (t, J = 7.4 Hz, 2H), 2.00 
(t, J = 6.7 Hz, 2H), 1,78-1.60 (m, 4H). 

Example 136; 

N-Hydroxy-5-(4-biphenylcarbonylmethylsulfonyl)pentanamid^ 

5 Step 1: 5-(4-BiphenylcarbonylmethanesxdfonyDpentanoic acid (228b) 

Following the procedure described in Example 135, step 1, but substituting 
228b for 228a, the title compound 228b was obtained in 91% yield. 

Step 2: N-Hydroxy-5-f4-biphenylcarbonylmethylsulfonyDpentanamide (229b) 

Following the procedure described in Example 14, step 3, but substituting 
10 carboxylic add 228b for 37, and using 1.1 equivalent of NHjORHCl and 

trieihylamine each, the title compoimd 228b was obtained in 52% yield.^H NMR: 
(300 MHz, DMSOdJ 5 10.37 (s, IH), 8.70 (s, IH), 8.11 (d, J = 8.5 Hz, 2H), 7.86 (d, J 
= 8.5 Hz, 2H), 7.77 (dd, J = 1.4 Hz J = 8.5 Hz, 2H), 7.53-7.43 (m, 3H), 5.08 (s, 2H), 
3.38-3.25 (t, 2H), 1.99 (t, J = 6.6 Hz, 2H), 1.72-1.61 (m, 4H). 

15 Example 137; 

2Sr-(2-Aminophenyl)-5-(2-naphthoylmethylsulfonyl)pentanamide (230a) 

Following the procedxure described in Example 22, but substituting 
carboxylic add 228a for 50g, tiie title compound 230a was obtained in 30% yield. 
'H NMR (300 MHz, DMSO-d,) 5 9.12 (s, IH), 8.83 (s, IH), 8.12 (d, J = 7.4 Hz, IH), 
20 8.06-7.99 (m, 3H), 7.74-7.63 (m, 2H), 7.15 (dd, J = 1.4 Hz, J = 8.0 Hz, IH), 6.88 (dd, J 
= 1,4 Hz, 8.0 Hz, IH), 6.70 (dd, J = 1.4 Hz, 8.0 Hz, IH), 6.52 (dd, J = 1.2 Hz, 8.8 Hz, 
IH), 5.21 (s, IH), 4.82 (br s, 2H), 3.38 (t, J = 7.1 Hz, 2H), 2.38 (t, J = 7.1 Hz, 2H), 
1.84-1.72 (m,4H). 

Example 138; 

25 N-(2-Aminophenyl)-5-(4-biphenylcarbonylmethylsulfonyl)pentanamide (229b) 

Following the procedure described in Example 22, but substituting 
carboxylic add 228b for 50g, the title compoxmd 230b was obtained in 52% 3deld. 
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NMR: (300 MHz, DMSO-d^ 5 9.12 (s, IH), 8.13 (d, J = 8.2 Hz, 2H), 7.87 (d, J = 
8.2 Hz, 2H), 7.77 (d, J = 6.7 Hz, 2H), 7.53-7.44 (m, 3H), 7.15 (d, J = 8.0 Hz, IH), 6.88 
(t, J = 8.0 Hz, IH), 6.70 (d J = 8.0 Hz, IH), 6.52 (t, J = 7.7 Hz, IH), 5.11 (s, 2H), 482 
(s, 2H), 3.36 (t, J = 6.9 Hz, 2H), 2.37 (t, J = 7.1 Hz, 2H), 1.78-1.71 (m, 4H). 




Example 139; 

N^-(2-Aminophenyl)-7-(4*biphenyloxy)heptanamide (234) 

Step 1: Ethyl-7-(4-biphenyloxy)heptanoate (232) 

To a solution of 4-phenylphenol (231) (1.00 g, 5.88 mmol) in acetone (100 
mL) was added potassium carbonate (3.25 g, 23.52 mmol) and potassium iodide 
(200 mg, 1.57 mmol), followed by the addition of ethyl-7-bromoheptanoate (1.81 g, 
7.65 mmol). The suspension was refluxed for 36 hours, cooled to room 
temperature and filtered. Filtrate was evaporated and tiie remained solid was 
recrystallized from hexane to produce tiie title compotmd 232 (1.73 g, 90% yield). 
MS(ESI)=:327(Nffir). 

Step 2: 7-f4-Biphenyloxy)heptanoic acid (233) 

To a solution of the ester 232 (1.70 g, 5.21 mmol) in THF (50 mL) was added 
a solution of littiium hydroxide hydrate (1.30 g, 30.95 mmol) in water (50 mL). The 
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reaction mixture was stirred 18 hoxxrs at room temperature, THF was evaporated 
and the aqueous phase was acidified with cone. HQ (pH 1-2). A precipitate 
formed which was collected by filtration and dried to afford the titie compound 
233 (1.54 g, 99%). MS (ESI) = 321 (NT+Na). 

5 Step 3: N-f 2-AminophenylV7-(4-biphenyloxy)heptanamide (234) 

Following title procedure described in Example 22, but substituting 
carboxylic add 233 for 50g, the titie compound 234 was obtained in 44% jdeld. 
NMR: (300 MHz, DMSOd,) 5 9.08 (s, IH), 7.60-7.55 (m, 4H), 7.41 (t, J = 7.7 Hz, 
2H), 7.29 (t, J = 7.1 Hz, IH), 7.14 (dd, J = 8.0, 1.4 Hz, IH), 7.00 (d, J = 8.8 Hz, ZH), 
10 6.87 (t, J = 8.0 Hz, IH) 6.70 (dd, J = 8.0, 1.4 Hz, IH), 6.52 (dd, J = 8.5, 1.1 Hz, IH), 
4.81 (br s, 2H), 4.00 (t, J = 6.3 Hz, 2H), 2.32 (t, J = 7.4 Hz, 2H), 1.76-1.69 (m, 2H), 
1.67-1.57 (m, 2H), 1.47-1.38 (m, 4H). 

Example 140; 

N-Hydroxy-7-(4-biphenyloxy)heptanamide (235) 

15 Following the procedure described in Example 14, step 3, but substituting 

carboxylic acid 233 for 37, and using 1.1 equivalent of NH^OH JICl and 
triethylamine each, the title compovind 235 was obtained in 52% yield. *H NMR 
(300 MHz, DMSOd,) 8 10.33 (s, IH), 8.65 (s, IH), 7.60-7.54 (m, 4H), 7.40 (t, J = 7.5 
Hz, 2H), 7.28 (t, J = 7.2 Hz, IH), 6.98 (d, J = 8.7 Hz, 2H), 3.97 (t, J = 6.3 Hz, 2H), 1.93 

20 (t, J = 7.1 Hz, 2H), 1.70 (t, J = 7.4 Hz, 2H), 1.52-1.28 (m, 6H). 
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238a : X = CH (Example 141) 239a : X = CH (Example 143) 

238b : X = N (Example 142) 239b : X = N (Example 144) 



Example 141; 

N-Hydroxy-6-[3-(4-Oxo-4H-quinazolinyl)]hexanaimde (238a) 

Step 1: 6-[3-f4rC)x<>4H-quinazolinynihexanoic add (237a^ 

5 To a solution of 6-aminohexanoic add (2.88 g, 20.00 nunol) in water (50 

mL) was added triethylamine (3.06 ml, 22.00 mmol) followed by a portionwise 
addition of lH-benzo[d][l,3]oxazine-2,4-dione (isatoic aiihydride, 236) (3.26 g, 
20.00 mmol). The reaction mixture was stirred for 2 hours at 30-40''Q cooled to 
room temperature and evaporated in vacuum to form an oily residue. This 
10 material was refluxed for 7 hours in formic add (70 ml), cooled to room 
temperature and evaporated. The solid was dissolved in dichloromethane, 
decolorized with the activated charcoal, filtered and evaporated to give an oily 
material which upon crystallization in methanol (-10°C) afforded the title 
compound 237a (2.38 g, 46% yield). MS (ESI) = 261 (MH*)- 

15 Step 2: N-Hydroxy-6-f3-(4>oxo-4H-quinazolinynihexanamide f 238a^ 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add lH-benzo[d][l,3]oxazine-2,4-dione 237a for 37, and using 1.1 
equivalent of NHjOH JIQ and triethylamine each, the title compound 238a was 
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obtained in 23% yidd/H NMR (400 MHz, DMSO-dJ 5 10.32 (s, IH), 8.66 (s, IH), 
8.38 (s, IH), 8.14 (br d J = 7.1 Hz, IH), 7.81 (dd, J = 8.2, 1.3 Hz, IH), 7.66 (br d, J = 
8.1 Hz, IH), 7.53 (br t, J = 7.7 Hz, IH), 3.95 (t, J = 7.1 Hz, 2H), 1.93 (t, J = 7.2 Hz, 
2H), 1.72-1.62 (m, 2H), 1.56-1.46 (m, 2H), 1.30-1.23 (m, 2H). 

5 Example 142t 

N-Hydroxy-643-(4-oxo-4H-benzo[iil[l,2,3]tria2inyW^ (238b) 

Step 1: 6-[3-(4rO?cQ-4H-ben^rrf][l,23]t riazinyl)]he?can oic add (237b) 

To a solution of 6-aininohexanoic acid (2.88 g, 20.00 mmol) in water (50 
mL) was added triethylamine (3.06 ml, 22.00 mmol) followed by a portionwise 

10 addition of lH-benzo[d][13]oxazine-2,4-dione (isatoic anhydride, 236) (3.26 g, 
20.00 mmol). The reaction mixture was stirred for 2 hours at 30-40**C, cooled to 
0°C, acidified with 20 mL 20% HQ and treated with a solution of sodium nitrite 
(170 g, 25 mmol) in 10 mL water (over a 10 min period of time). The whole 
mixture was stirring at ambient temperature for 18 hours to form a solid which 

15 was collected by filtration, dried, dissolved in dichloromethane and decolorized 
with the activated charcoal, filtered and evaporated. The residual material was 
crystallized in a dichloromethane-hexane mixture at -10°C to afford the title 
compound 237b in 75% yield. MS (ESI) = 262 (MtT). 

Step 2: N-Hydroxy-6>[3-f4-oxo-4H-benzordiri,231triazinyllhexanamide (238b^ 

20 Following the procedure described in Example 14, step 3, but substituting 

carboxylic add 237b for 37, and using 1.1 equivalent of NHjOH.HQ and 
trielhylamine each, tiie title compoxmd 238b was obtained in 32%. ^H NMR (400 
MHz, DMSO-d,) 5 10.32 (s, IH), 8.66 (s, IH), 8.25 (dd, J = 7.9, 1.0 Hz, IH), 8.19 (br 
d, J = 7.7 Hz, IH), 8.08 (dd, J = 7.2, 1,4 Hz, IH), 7.94 (dd, J = 7.2, 1.4 Hz, IH), 4.37 

25 (t, J = 7.1 Hz, 2H), 1.94 (t, J = 7.2 Hz, 2H), 1.85-1.75 (m, 2H), 1.58-1.48 (m, 2H), 1.35- 
1.27 (m,2H). 
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Example 143: 

N-(2-Aminophenyl)-6-l3-(4H)xo-4H-quinazolinyl)lhexanamide(239a) 

Following the procedure described in Example 22, but substituting 
carboxylic add 237a for 50g, the title compound 239a was obtained in 25% yield. 
5 *H NMR (400 MHz, DMSad^ 8 9.08 (s, IH), 8.41 (s, IH), 8.17 (dd, J = 8.0, 1.1 Hz, 
IH), 7.83 (dd, J = 8.4, 1.5 Hz, IH), 7.68 (br d, J = 8.1 Hz, IH), 7.55 (dd, J = 8.0, 1.0 
Hz, IH), 7.12 (dd, J = 7.8, 1.1 Hz, IH), 6.88 (dd, J = 8.0, 1.3 Hz, IH), 6.70 (dd, J = 
7.9, 1.1 Hz, IH), 6.51 (dd, J = 7.7, 1.3 Hz, IH), 4.80 (s, 2H), 3.99 (t, J = 7.3 Hz, 2H), 
2.32 (t, J = 7.3 Hz, 2H), 1.77-1.70 (m, 2H), 1.67-1.60 (m, 2H), 1.39-1.33 (m, 2H). 

10 Example 144: 

2sr-(2-Aminophenyl)-6-[3-(4-oxo-4H-benzo[tfl[l,2,3ltriazinyl]hexanamide (239b) 

Following the procedure described in Example 22, but substitutii^ 
carboxylic add 237b for 50g, the title compound 239b was obtained in 45% yield. 
'H NMR (400 MHz, DMSO-dJ 5 9.07 (s, IH), 8.25 (dd, J = 7.9, 0.9 Hz, IH), 8.19 (br 
15 d, J = 8.1 Hz, IH), 8.08 (dd, J = 7.2, 1.4 Hz, IH), 7.92 (dd, J = 8.2, 1.2 Hz, IH), 7.09 
(dd, J = 7.8, 1.2 Hz, IH), 6.87 (dd, J = 8.5, 1.4 Hz, IH), 6.69 (dd, J = 8.0, 1.3 Hz, IH), 
6.49 (dd, J = 7.8, 1.4 Hz, IH), 478 (s, 2H), 4.39 (t, J = 7.1 Hz, 2H), 2.28 (t, J = 7.4 Hz, 
2H), 1.90-1.82 (m, 2H), 1.69-1.58 (m, 2H), 1.43-1.34 (m, 2H). 
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243a : n s 2, = R2 = H (Example 145) 

243b : n = 1, Ri = Ra = H (Example 146) 

243c : n s 3, R, s R2 =: H (Example 147) 
243d : n = 2, R^ » CH3, R^ r: H (Example 148) 

243e:ns2,Ri = N02, R2 = H (Example 149) 
243f : n s 2, R^ = R2 = CI (Example 150) 
243g : n a 2, Ri OH, R2 = H (Example 151) 
243h : n s 2, R, = OH, Ra = (Example 152) 



Example 145; 

5 N-(2-Aminophenyl)-6-(Ar-phtkaloyl)hexananiide (243a) 

Step 1: 6-N-PhthalQylhexanoic add (242a) 

To a solution of phthalic anhydride 241a (1.48 g, 10.00 mmol) in anhydrous 
ethyl alcohol (20 mL) was added 6-aininocaproic add (1.97 g, 15.00 mmol). The 
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reaction mixture was refluxed for 16 hours, cooled to room temperature, 
evaporated to dryness to produce a solid material, which was triturated with 
water to form a suspension. The suspension was filtered, the solid was collected 
and dried to afford the title compound 242a (1.18 g, 45% yield). 'HNMR (400 
5 MHz, DMSOd6) 6 7.87-7.80 (m, 4H), 3.54 (t, J = 7.1 Hz, 2H), 2.17 (t, J = 7.3 Hz, 
2H), 1.62-1.44 (m, 4H), 1.30-1.23 (m, 2H). 

Step 2: N-(2-Aniinophenyl)-6-fN-phthaloyDhexanamide (243a) 

Following the procedure described in Example 22, but substituting 
carboxylic add 242a for 50g, the title compound 243a was obtained in 31% yield. 
10 'H NMR (400 MHz, DMSO-dJ 5 9.05 (s, IH), 7.88-7.80 (m, 4H), 7.09 (dd, J = 7.8, 
1.4 Hz, IH), 6.86 (dd, J = 8.0, 1.5 Hz, IH), 6.68 (dd, J = 8.0, 1.4 Hz, IH), 6.49 (dd, J = 
7.8, 1,5 Hz, IH), 4.80 (s, 2H), 3.57 (t, J = 7.0 Hz, 2H), 2.28 (t, J = 7.3 Hz, 2H), 1.64- 
1.57 (m, 4H), 1.37-1.27 (m, 2H), 

Example 146: 

15 ]V-(2-Aininophenyl)-5-(N-phthaloyl)pentanamide (243b) 

Step 1: 5-(N-Phttialoynpentanoic acid f242b) 

Following a procedure analogous to tiiat described in Example 145, step 1, 
but substituting 5-amino-'Valeric add for 6-amino-caproic acid, the title compound 
242b was obtained in 46% yield, MS (ESI) = 270 (M+Na*). 

20 

Step 2: N-(2-AminophenylV5-fN-phthaloyD-pentanamide (243b) 

Following the procedure described in Example 22, but substituting 
carboxylic add 242b for 50g, the title compound 243b was obtained in 28% yield. 
'H NMR: (300 MHz, DMS(>d6) 5 9.06 (s, IH), 7.87-7.80 (m, 4H), 7.11 (d, J = 7.7 Hz, 
25 IH), 6.86 (t, J = 7.4 Hz, IH), 6.68 (dd, J = 8.0, 1.4 Hz, IH), 6.50 (dd, J = 8.8, 1.1 Hz, 
IH), 4.78 (br s, 2H), 3.59 (t, J = 5.8 Hz, 2H), 2.33 (t, J = 6.6 Hz, 2H), 1.60 (m, 4H). 
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Example 147: 

N-(2-Animophenyl)-7-(N-phthaloyl)heptanaimde (243c) 

Step 1: 7-fZsr>PhthaloyDheptanoic add f242c^ 

Following a procedxire analogotis to that described in Example 145, step 1, 
5 but substituting 7-aminoheptanoic acid for 6-ainino-caproic add, the title 
compound 242c was obtained in 46% yield. MS (ESI) = 298 (MIT). 

Step 2: N-f2-Aminophenyl)-7-^N-phthaloyl)-heptanamide (243c) 

Following the procedure described in Example 22, but substituting 
carboxylic add 242c for 50g, the title compoimd 243c was obtained in 28% yield. 
10 'H NMR: (300 MHz, DMSOd^ S 9.05 (s, IH), 7.87-7.79 (m, 4H), 7.11 (d, J = 7.7 Hz, 
IH), 6.86 (t, J = 7.4 Hz, IH), 6.68 (d, J = 8.0 Hz, IH), 6.50 (t, J = 7.7 Hz, IH), 4.77 (s, 
2H), 3.55 (t, J = 7.1 Hz, 2H), 2.27 (t, J = 7.4 Hz, 2H), 1.61-1.53 (m, 4H), 1.31-1.28 (m, 
4H). 

Example 148: 

15 N-(2'-Aminophenyl)-6-(5-methyl'-N-phthaloyl)hexana]iiide (243d) 

Step 1: 6-(5-Methyl-N-phtiialoyl)hexanoic add (242d) 

Following a procedure analogous to that described in Example 145, step 1, 
but substituting 5-methyl-N-phthaloyl for N-phthaloyl, the title compound 242d 
was obtained in 85% yield. MS (ESI) = 276 (MH*). 

20 Step 2: N--(2-Aminophenyl)'6-(5"methyl--N--phthaloyl)hexanamide (243d) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 242d for 50g, the title compoimd 243d was obtained in 43% )deld. 
'H NMR: (300 MHz, DMSOd J 5 9.04 (s, IH), 7.73-7.60 (m, 3H), 7.07 (d, J = 7.7 Hz, 
IH), 6.85 (t, J = 8.0 Hz, IH), 6.67 (dd, J = 8.0, 1.1 Hz, IH), 6.50 (t, J = 7.7 Hz, IH), 
25 4.77 (s, 2H), 3.52 (t, J = 7.1 Hz, 2H), 2.46 (s, 3H, CH3), 2.27 (t, J = 7.1 Hz, 2H), 1.58 
(br s, 4H), 1.32-1.22 (m, 2H). 
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Example 149: 

N-(2-Aminophenyl)-6-(5-nitro-N-phthaloyl)hexanamide (243e) 

Step 1: 6-f5-Nitro-N-phthaloyI)hexanoic add (242e) 

Following a procedure analogoiis to that described in Example 145, step 1, 
5 but substituting 5-rutro-N-phthaloyl for N-phthaloyl, the titie compound 242e was 
obtained in 26% yield. MS (ESI) = 305 (MH^. 

Step 2: N-f2-AnunophenylV6'f5-iutro-fJ-phthaloyl)hexanainide f 243e^ 

Following the procedure described in Example 22, but substituting 
carboxylic acid 242e for 50g, the title compoimd 243e was obtained in 14% yield. 
10 NMR (400 MHz, DMSOdJ 5 9.05 (s, IH), 8.60 (dd, J = 8.2 Hz, 1.9 Hz, IH), 8.47 
(d, J = 1.5 Hz, IH), 8.10 (d, J = 8.2 Hz, IH), 7.10 (dd, J = 7.9, 1.3 Hz, IH), 6.86 (dd, J 
= 8.0, 1.5 Hz, IH), 6.67 (dd, J = 1.3, J = 8.0 Hz, IH), 6.49 (dd, J = 7.7, 1.4 Hz, IH), 
4.76 (s, 2H,), 3.62 (t, J = 7.0 Hz, 2H), 2.29 (t, J = 7.3 Hz, 2H), 1.71-1.55 (m, 4H), 1.38- 
1.30 (m, 2H). 

15 Example 150: 

N-(2-Aminophenyl)-6-(5,6-dichloro-Ar-phthaloyl)hexanamide (2430 

Step Ir 6-(5,^Dichloro-N-phthaloy][)hexanQic add (242f) 

Following a procedure analogous to that described in Example 145, step 1, 
but substituting 5,6-dichloro-N-phthaloyl for N-phthaloyl, the title compound 
20 242£ was obtained in 64% yield. MS (ESI) = 328 (MH*). 

Step 2: N-(2-Aininophenyl^-6-(5,6-dichloro-N-phthaloyl)hexanamide f 243f> 

Following the procedure described in Example 22, but substituting 
carboxylic add 242f for SOg, the title compoxmd 243f was obtained in 52% yield. 
'H NMR (300 MHz, DMSO-d6) 5 9.04 (s, IH), 8.15 (s, 2H), 7.07 (d, J = 7.4 Hz, IH), 
25 6.85 (t, J = 7.8 Hz, IH), 6.67 (d, J = 8.0 Hz, IH), 6,48 (t, J = 7.7 Hz, IH), 4.76 (s, 2H), 
3.56 (t, J = 6.9 Hz, 2H), 2.27 (t, J = 7.1 Hz, 2H), 1.63-1.56 (m, 4H), 1.34rl.27 (m, 2H). 
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Example 151: 

N-(2-Aimnophenyl)-6-(5-hydroxy-N-phthdoyl)hexanaiiu (243g) 

Step 1: 6'f5-Hydroxy-N"phthaloyDhexanoic add f242g ) 

4-Hydroxy-phthalic add 240 (2.30 g, 12.64 mmol) was heated for two hours 
5 at 220''C under vacuum, cooled to room temperature and dissolved in 50 mL 
anhydroxxs ethyl alcohol. To this solution 6-amino caproic add (2.48 g, 18.93 
mmol) was added and the mixture was refluxed for 28 hotirs, cooled and 
evaporated to produce an oily residue. This material was triturated with water to 
form a predpitate which was collected and dried to afford the title compound 
10 242g (2.24 g, 64% yield). MS (ESI) = 276 (NOT). 

Step 2: N-(2-Aininophenyl)-6-(5-hydroxy-N-phthaloyDhexanamide f243g ) 

Following the procedure described in Example 22, but substituting 
carboxylic add 242g for 50g, the title compound 243g was obtained in 11% peld. 
'H NMR: (300 MHz, DMSO-d6) 5 10.88 (br s, IH), 9.04 (s, IH), 7.71 (d, J = 8.0 Hz, 
15 4H), 7.11-7.07 (m, 3H), 6.86 (d, J = 6.3 Hz, IH), 6.68 (d, J = 6.3 Hz, IH), 6.49 (t, J = 
7.4 Hz, IH), 4.77 (s, 2H), 3.51 (t, J = 7.1 Hz, 2H), 2.27 (t, J = 7.4 Hz, 2H), 1.62-1.54 
(m,4H), 1.37-1.25 (m,2H), 

Example 152: 

N-(2-Aminophenyl)-6-(5-hydroxy-6-(l-methylpiperidinyl)-N-phthaloyl)- 
20 hexanamide (243h) 

Step 1: 6-f5-Hydroxy-6-(l-methylpiperidinyl)-N-phthaloyl)hexanoic acid (244) 

To a stirring suspension of the phthalimido add 242g (500 mg, 1.81 mmol) 
in a mixture of anhydrous dioxane (7 mL) and anhydrous DMF (3.5 mL) at room 
temperature was added paraformaldehyde (73 mg, 2.4 mmol) followed by 
25 addition of piperidine (0.22 mL, 2.2 mmol). The reaction mixture was stirred at 
SO^'C for 8 hours, solvents were removed in vacuum and the crude residue was 
purified by column chromatography using a gradient of 100% dichloromethane to 
5% methanol in dichloromethane. The resulting yellow solid was crystallized 
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from methanol-diethyl ether to afford the title compotmd 244 (0.25 g, 37%). MS 
(ESI) = 375(MH*). 

Step 2: N-f2-Ammophenyl)-6-(5-hydroxy-6-fl-methylpiperidinylVN-^^ 
hexanamide f 243h) 

5 Following the procedxire described in Example 22, but substituting 

carboxylic add 244 for SOg, the title compotmd 243h was obtained in 44% yield. 
IHNMR : (300 MHz, DMSO-d6) 5 9.04 (s, IH), 7.58 (s, IH), 7.07 (d, J = 7.97 Hz, 
IH), 7.02 (s, IH), 6.85 (t, J = 7.69 Hz, IH), 6.67 (d, J = 7.97 Hz, IH), 6.48 (t, J = 7.69 
Hz, IH), 4.76 (br s, 2H), 3.75 (s, 2H), 3.50 (t, J = 6.87 Hz, 2H), 2.26 (t, J = 7.28 Hz, 
10 2H), 1.54 (m, 8H), 1.44 (m, 2H), 1.27 (m, 2H). 




246b : X = CH, Y s N (Example 154) 

Example 153; 

N-(2-Aininophenyl)-6-(5,7-dioxo-5,7-dihydro-pyiTolo[3,4-b]pyridi^^ 
15 hexanamide (246a) 

Step 1: 5"[6-(57"Dioxo-57-dihydro-pyrrolof3.4-b1pyridmyl)]hexanoic acid (245a) 

Followiag a procedure analogous to that described in Example 145, step 1, 
but substituting 2,3-pyridinedicarboxylic anhydride for N-phthalic anhydride, the 
title compound 245a was obtained in 22% yield. MS (ESI) = 363 (MH*). 

20 Step 2: N-(2-Aminophenyl)'6-[6-(57-dioxQ-5,7Klihydro-pyrrolo[3,4-blpy^^^ 
hexanamide f 246a) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 245a for SOg, the title compound 246a was obtained in 40% yield. 
'H NMR (300 MHz, DMSO-d6) 8 9.06 (s, IH), 8.94 (dd, J = 49, 1.4 Hz, IH), 8.27 
25 (dd, J = 7.7, 1.4 Hz, IH), 7.75 (dd, J = 7.7, 4.9 Hz, IH), 7.08 (d, J = 8.0 Hz, IH), 6.85 
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(t, J = 8.2 Hz, IH), 6.67 (d, J = 8.2 Hz, IH), 6.49 (t, J = 7.7 Hz, IH), 4.76 (s, 2H), 3.60 
(t, J = 7.1 Hz, 2H), 2.28 (t, J = 6,9 Hz, 2H), 1.63-1.57 (m, 4H), 1.35-.28 (m, 2H). 

Example 154: 

N-(2-Aminophenyl)-6-{5,7Kiioxo-5,7-dihydro-pym)lo[3,4-clpyri 
5 hexanamide (246b) 

Step 1: 5-r6-f57-moxo-57-dihydro-pyrrolor3,4-clpyridinynihex^^^ add r245b) 

Following a procedtire analogous to that described in Example 145, step 1, 
but substituting 3,4rpyridinedicarboxylic anhydride for N-phthalic anhydride, the 
title compound 245b was obtained in 8% yield. MS (ESI) = 363 (MH*). 

10 Step 2: N-f2-Aminophenyn^r6-f5.7->Dioxo-5,7<lihydro-pyrrolor3.4rdpy^ 
hexanamide (246b) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 245b for 50g, the title compotind 24(5b was obtained in 61% 5deld. 
'H NMR: (300 MHz, DMSOd6) 5 9.05-9.09 (m, 3H), 7.87 (d, J = 4.7Hz, IH), 7.08 (d, 
15 J = 7.4 Hz, IH), 6.86 (t, J = 7.1 Hz, IH), 6.67 (d, J = 6.9 Hz, IH), 6.49 (t, J = 6.3 Hz, 
IH), 4.77 (s, 2H), 3.58 (t, J = 6.9 Hz, 2H), 2.28 (t, J = 7.1 Hz, 2H), 2.00-1.90 (m, 2H), 
1.64-1.54 (m, 4H), 1.33-1.29 (m, 2H). 




20 Example 155: 

N-(2-Aminophenyl)-6-[2-(l-oxo-l,3-dihydio-isoindolyl)]hexanamide (248) 

Step 1: 6-r2>(l-Qxo-13-dihydro-isoindolyl)lhexanoic add (247) 

To a solution of benzene-l,2-carbaldehyde (670 mg, 5.00 mmol) in acetic 
add (6 mL) was added 6-amino-hexanoic acid (655 mg, 5.00 mmol). The reaction 
25 mixture was refluxed for 15 minutes, cooled to room temperature and evaporated. 
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The residue was chromatographed on a silica gel coltimn (5% to 10% methanol in 
dichloromethane) to produce the title compound 247 (1.20 g, 97% yield). MS (ESI) 
= 248(Mir). 

Step 2: N-(2-AixunophenylV6-r2-(l-oxO"13-dihydro-isoindolyD1hexanaiTude (248) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 247 for 50g, the title compoimd 248 was obtained in 27% yield. *H 



NMR: (300 MHz, DMSOd6) 8 9.06 (s, IH), 7.66-7.46 (m, 4H), 7.09 (d, J = 8.0 Hz, 
IH), 6.86 (t, J = 7.7 Hz, IH), 6.68 (d, J = 7.7 Hz, IH), 6.49 (t, J = 7.7 Hz, IH), 4.78 (s, 
2H), 4.45 (s, 2H), 3.51 (t, J = 6.9 Hz, 2H), 2.29 (t, J = 7.1 Hz, 2H), 1.63-1.60 (m, 4H), 
1.33-1.27 (m,2H). 



o 



o 



R1 



R2" 




O 



H,N(CH.),COOH 



R2' 



R1 




O 250 



.OH 



249 




R^ = OH 
(CH20)n 
piperidine 




.OH 



251a : R1 = OH, R2 = H (Example 156) 



251b : R1 = H, R2 = Br (Example 157) 
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Example 156; 

N-(2-Aminophenyl)-6-[2-(5-hydroxy-l,3-dioxo-lH^H-benzo[d^^ 
hexanamide (251a) 

Step 1: 6-f2-f5-Hydroxy-13--dioxo-lH3H-benzofdg1isoqiiinolin^^^ add 
5 f250a) 

Following a procedtire analogous to that described in Example 145/ step 1, 
but substituting 3-hydroxy-l,8-naphthalic anhydride for N-phthalic anhydride, 
the title compound 250a was obtained in 98% yield. MS (ESI) = 328 (MtT). 

Step 2: N-(2-AminophenylV6-r2-(5'hydroxy-13-dioxolH3H- 
10 benzo[de1isoquinolinyl)]- hexanamide f251a) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 250a for 50g, the title compound 251a was obtained in 18% yield. 

NMR (400 MHz, DMSO-d^ 8 10.52 (s, IH), 9.07 (s, IH), 8.22 (t, J = 6.5 Hz, 2H), 
8.00 (d, J = 2.4 Hz, IH), 7.72 (t, J = 7.4 Hz, IH), 7.63 (d, J = 2.4 Hz, IH), 7.09 (dd, J = 
15 7.8 Hz, 1.3 Hz, IH), 6.87 (dd, J = 8.0 Hz, 1.4 Hz, IH), 6.69 (dd, J = 8.0 Hz, 1.3 Hz, 
IH), 6.49 (dd, J = 7.7 Hz, 1.4 Hz, IH), 4.81 (s, 2H), 4.02 (t, J = 7.3 Hz, 2H), 2.31 (t, J = 
7.3 Hz, 2H), 1.67-1.58 (m, 4H), 1.42-1.35 (m, 2H). 

Example 157: 

N-(2-Aminophenyl)-6-[2-(6-bromo-l,3Kiioxo-lH,3H-benzo[<ic]isoquinolinyl)l- 
20 hexanamide (251b) 

Step 1: 642»f6-Bromo-13-dioxo-lH3H-benzordglisoquinolinynihexanoicad^ 
(250b) 

Following a procedure analogous to that described in Example 145, step 1, 
but substituting 4-bromo-l,8-naphthalic anhydride for N-ph£halic anhydride, the 
25 title compoimd 250a was obtained in 96% yield. MS (ESI) = 390 (MH*). 

Step 2: N"f2-AminophenyD-6-f2-(6-bromO'13-dioxO'lH3H- 
benzo[de]isoquinolinyl)1- hexanamide (251b) 

Following the procedure described in Example 22, but substituting 
carboxylic add 250b for 50g, the title compoimd 251b was obtained in 26% yield. 
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NMR (300 MHz, DMSO-d6) 5 9.05 (s, IH, NH), 8.52 (t, J = 8.2 Hz, 2H), 8.30 (d, J 
= 7.7 Hz, IH), 8.18 (d, J = 7.7 Hz, H), 7.96 (t, J = 7.7 Hz, IH), 7.06 (d, J = 8.0 Hz, 
IH), 6.85 (t, J = 8.0 Hz, IH), 6.67 (d, J = 8.0 Hz, IH), 6.47 (t, J = 7.7 Hz, IH), 4.78 (br 
s, 2H), 4.02 (t, J = 7.1 Hz, 2H), 2.30 (t, J = 7.1 Hz, 2H), 1.66-1,58 (m, 4H), 1.41-1.34 
5 (m,2H). 

Example 158; 

N-(2-Aminophenyl)-6-[2-(5-hydroxy-l,3-dioxo-6-(l-methylpiperi^ 
benzoMe]isoqumolinyl)]-hexanamide (251c) 

Step 1: 6>f2-(5-Hydroxy-13-dioxo-6-piperidyn-l--ylmethyl-lH3H- 
10 benzo[dg]isoquinolinyD]hexanoic add (252^ 

To a stirring suspension of ihe add 250a (390 mg, 1.19 mmol) in a mixture 
of anhydrous dioxane (5 mL) and anhydrous DMF (2 mL) at room temperature 
was added paraformaldehyde (70 mg, 2.33 mmol) followed by addition of 
piperidine (0.14 mL, 1.42 mmol). The reaction mixture was stirred for 18 hours at 
15 ambient temperature, solvents were removed in vacuimi and the crude residue 
was triturated with 0,5 mL methanol followed by addition of 25 mL ether. The 
formed suspension was filtered to afford the title compound 252 as yeUow 
crystals (424 mg, 84%). MS (ESI) = 425 (MH^. 

Step 2: N-(2-Aminophenyll-6-[2-(5-hydroxy -l^S-dioxo-e-d-methylpiperidynylV 
20 lH.3H-benzo[dg1isoquinolinyD1hexanamide (251c) 

Following the procedure described in Example 22, but substituting 
carboxylic add 252 for 50g, the title compoxmd 251c was obtained in 39% yield. ^H 
NMR: (300 MHz, DMSOd6) 5 9.05 (s, IH), 8.43 (d, J = 8.2 Hz, IH), 8.27 (d, J = 7.1 
Hz, IH), 7.96 (s, IH), 7.75 (t, J = 8.2 Hz, IH), 7.08 (d, J = 8.0 Hz,lH), 6.85 (t, J = 6.7 
25 Hz, IH), 6.68 (d, J = 8.0 Hz, IH), 6.47 (t, J = 7.1 Hz, IH), 4.77 (s, 2H), 4.15 (s, 2H), 
4.02 (t, J = 6.9 Hz, 2H), 2.54 (br s, 4H), 130 (t, J = 7.1 Hz, 2H), 1.65-1.36 (m, 12H). 
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Example 159; 

Inhibition of Histone Deacetylase Enzymatic Activity 

HDAC inhibitors were screened against histone deacetylase enzyme in 
nuclear extracts prepared from the human small cell lung cancer cell line H446 
5 (ATTC HTB-171) and against a cloned recombinant himian HDAC-1 en2yme 
expressed and purified from a Baculovirus insect cell expression system. 

For deacetylase assays, 20,000 cpm of the [*H]-metabolically labeled 
acetylated histone substrate (M. Yoshida et al, J. Biol Chem. 265(28): 17174-17179 
(1990)) was incubated with 30 jig of H446 nuclear extract or an equivalent amoimt 

10 of the cloned recombinant hHDAC-1 for 10 minutes at 37 **C. The reaction was 
stopped by adding acetic add (0.04 M, final concentration) and HQ (250 mM, 
final concentration). The mixture was extracted with ethyl acetate and the 
released [^]-acetic add was quantified by scintillation cotinting. For inhibition 
studies, the enz5rme was preincubated with compounds at 4 °C for 30 minutes 

15 prior to initiation of the enzymatic assay. IC^ values for HDAC enzyme inhibitors 
were determined by performing dose response curves with individual 
compoimds and determining the concentration of inhibitor producing fifty 
percent of the maximal inhibition. 

Representative data are presented in Table 2. In the first column are 
20 reported ICg^ values determined against histone deacetylase in nudear extracts 
from H446 cells (pooled HDACi). In the second column are reported ICgg values 
determined against recombinant human HDAC-1 enzyme (rHDAC-1). 



Table 2: Inhibition of Histone Deacetylase 



Example 


Cpii 


Structure 


pooled HDACs 


rHDAC-l 
ICs,(jiM) 


Ex.1 


6 




3 


0.25 
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Ex.2 


12 


OMa O 


9.4 


ND 


Ex.3 


17 


QMe 0 


4 


0.25 


Ex.4 


18 


OMe O 


>100 


1 


Ex.5 


19 




>100 


<20 


Ex.6 


20 


OMe o 


>20 


3 


Ex.7 


21 




>100 


ND 


Ex.8 


26 


OMe 0 


5 


1 


Ex.9 


27 


OMe O 


>100 


ND 


Ex.10 


28 


OUe 0 

B8eO 


4 


0.1 


Ex.11 


33 


|P*J''^Y'^SJ^'''^NH0H 


>10 


ND 


Ex.12 


34 




>100 


7 


Ex.13 


35 




>100 


2 
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Ex.14 


38 


JL^ Me MB 


>20 


ND 


Ex.15 


39 




>20 


7 


Ex.16 


42 




6 


1 


Ex.17 


47 




4.5 


0.5 


Ex.18 


52c 


— 


0.55 


0.06 


Ex.18 


52g 


^^^^^^^^^^^'^ ..^NHOH 


0.03 


0.005 


Ex.18 


(Z)-51h 




75% 




Ex.18 


52i 




3 


0.1 


Ex.18 


52k 




0.9 


0.18 


Ex.18 


521 


0 

^ r"*" 


0.3 


0.03 


Ex.18 


51a 




035 


0.1 


Ex.18 


52e 




0.55 


0.06 
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Ex.18 


52d 


o 


0.05 


0.055 


Ex.18 


52f 




0.55 


0.01 


Ex.18 


(E)-51h 




99% 




Ex.18 


51i 




0.9 


0.1 


Ex.18 


52j 




3 


0.45 


Ex.18 


52m 




0.1 


0.01 


Ex.19 


53a 






0.6 


Ex.19 


53b 


^ — A5 


0% 


1 


Ex.19 


53f 




3% 


2 


Ex.20 


58 


n O 


3 


0.25 


Ex.21 


62 


0 0 
Maxj^jA^ Me Me 


1.1 




Ex.22 


63 




>20 


2.2 
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Ex.25 


66 


0 H 9" 


0% 


Z3 


Ex.29 


74 




0% 


7.8 


Ex.30 


75 


l^'^jA^ 0 NHz 


0% 


8.4 


Ex.31 


76 


0 J. 
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fix. M 


ii 
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1 0 
1.9 


ex. 00 


/o 


^^^^^^^^^ 


n Ail 
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n nnyi 
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7y 
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Ex.38 
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Ex.40 


85 






20 


Ex.41 


86 






5 


Ex.43 


89 




0% 


16.3 


EX. 44 


92 




AO/ 


15.9 


Ex.45 


93 


_ X ^ ^ a ^ T 


0% 


6.4 


Ex.48 
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0.035 


Ex.49 


97 




0.03 


0.01 


Ex. 50 


98 




0.04 


0.03 


Ex.51 


99 




0.035 


0.008 


Ex.52 


100 


^pj^ 
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Ex.54 


102 
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Ex.55 


103 


o 


0.1 


0.05 


Ex.56 


104 




61% 
@lpM 


0.16 


Ex. 57a 


105a 




83% 
@lpM 


0.01 


Ex. 57b 


105b 


o 


40% 
@1|jM 


0.02 


Ex.58 
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>20 


4 


Ex.63 
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ciy — T" 
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Ex.64 
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Q P 
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Ex.65 
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0.13 


Ex.66 
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O M NH2 
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Ex.67 
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Ex.69 


120 


^^^^^^^^^ 


83% 


0.002 


Ex.70 


124 






fl 001 
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ff H \^ 


U7o 




Ex. 72 
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Ex.74 
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Ex.75 


131 


o 
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Ex.76 
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0.8 


Ex.77 
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OH NH, 
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Ex.78 


134 


a^i5 




1 


Ex.79 


135 






2 


Ex.80 


138a 




83% 
©IpM 


0.004 


Ex.81 


138b 
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0.008 


Ex. 82a 
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^ — r' 




0.03 


Ex. 82b 


138c2 
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0.03 
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138d 
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138f 


^ — r- 
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Ex.86 


138g 
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0.006 


EA« 0/ 
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n ndfi 

vAraO 


n nno 

U.UU7 
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0.1 
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p 


22% 
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12% 

@imm 
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.^^^ .J^ .✓v. -NHOH 


71% 

@imm 
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Fy Q1 
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w.UUO 


Ex.92 
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0 u NHa HCl 

1^ HCl 




2 
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Ex.95 
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20 
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Ex.98 
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5 
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50 


5 


Ex. 101 


159e 
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Ex.102 
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Ex.105 
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0.035 
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0.01 


Ex.107 
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Ex.109 
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Ex.122 
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0.05 
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Ex.125 
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Ex.128 
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Ex.129 
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Ex.131 
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Ex.140 


235 


JO^ ^NHOH 




0.004 


Ex.141 


238a 


9 

CO — ^ 


0% 
#1^M 


0.05 


Ex.142 
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20% 
@l)lM 


0.76 


Ex.143 
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Ex.144 
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Ex.145 
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Ex.146 
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Ex.147 
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Ex.149 


243e 


0 NH2 
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Ex.150 


243£ 
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Ex.151 


243g 


Q NH 
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Ex.152 
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Ex.155 
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EX. J.90 








n 7 
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252 


— Vt> 


0% 


>20 




253 




0% 


>20 



' Unless otherwise indicated/ inhibition values expressed in percent refer to the percent 
inhibition at 20 |jM. 



Example 160; 

5 Inhibition of Histone Deacetylase in Whole Cells 

1. Histone H4 aceiylation in whole cells by immunoblots 

T24 human bladder cancer cells growing in culture were incubated witii 
HDAC inhibitors for 16 hours. Histones were extracted from the cells after the 
culture period as described by M. Yoshida et ah (J. Biol Chem. 265(28): 17174-17179 

10 (1990)). 20 lig of total histone protein was loaded onto SDS/PAGE and 
transferred to rutrocellulose membranes. Membranes were probed with 
polyclonal antibodies specific for acetylated histone H-4 (Upstate Biotech Inc.), 
followed by horse radish peroxidase conjugated secondary antibodies (Sigma). 
Enhanced Chemiltuninescence (ECL) (Amersham) detection was performed using 

15 Kodak films (Eastman Kodak). Acetylated H-4 signal was quantified by 
densitometry. 

Data for selected compounds are presented in Table 3. Data are presented 
as the concentration effective for reducing the acetylated H-4 signal by 50% (EC^). 



Table 3: Inhibition of Histone Acetylation in Cells 



Example 


Cpd. 


Structure 


EC„(HM) 


Ex.4 
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Ex.6 
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Ex. 92 
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Ex.148 


243d 
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Ex.158 


251c 


— rS 


1 



2. Acid Urea Triton (AUt) gel analysis of histone aceiylation. 

Human cancer cells (T24, 293T or Jurkat cells) growing in culture are 
incubated with HDAC inhibitors for 24 h Histories are extracted from the cells as 
5 described by M. Yoshida et d. (J. BioL Otem. 265(28): 17174-17179 (1990)). Acid 
urea triton (AUT) gel electrophoresis is used for detection of acetylated histone m 
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olecules. Histones (150 \ig of total protein) are electrophoresed at 80 V for 16 h at 
room temperature as described by M. Yoshida et at, supra. Gels are stained with 
Coomassie brilliant blue to visualize histones, dried and scanned by densitometry 
to quantified acetylation of histones. 

5 

Example 161; 

Antineoplastic Effect of Histone Deacetylase Inhibitors on Tumor Cells In Vivo 

Eight to ten week old female BALB/c nude mice (Taconic Labs, Great 
Barrington, NY) were injected subcutaneously in the flank area with 2 x 10^ 

10 preconditioned A549 htmian limg carcinoma cells. Preconditioning of these cells 
was accomplished by a minimum of three consecutive tumor transplantations in 
Ihe same strain of nude mice. Subsequently, tumor fragments of approximately 
30 mgs were excised and implanted subcutaneously in mice, in the left flank area, 
under isoflurane anesthesia (Abbott Labs, Geneva, Switzerland). When tiie 

15 tumors reached a mean volume of 100 mm^ the mice were treated intravenously, 
subcutaneously or intraperitoneally, by daily injection of a solution of the 
inhibitor in an appropriate vehicle such as PBS, DMSO/water, or Tween 
80 /water, at a dose from about 10 mg/kg to about 50 mg/kg, for 21 days. Tumor 
volume was calcvilated every second day post infusion according to standard 

20 methods {e.g., Meyer et al, Int. /. Cancer 43: 851-856 (1989)). Treatment with 

compound 34 caused a significant reduction in tumor weight and volume relative 
to controls treated with saline only {le., no HDAC inhibitor). In addition, the 
activity of histone deacetylase, when measured, is expected to be significantiy 
reduced relative to saHne treated controls. 

25 Example 162; 

Synergistic Antineoplastic Effect of Histone Deacetylase Inhibitors and 
Histone Deacetylase Antisense Oligonucleotides on Tumor Cells In Vivo 

The purpose of this example is to illustrate the ability of the histone 
deacetylase inhibitor of the invention and a histone deacetylase antisense 
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oligonucleotide to synergistically inhibit tumor growth in a manmial. Preferably, 
the antisense oligonucleotide and the HDAC inhibitor inhibit the expression and 
activity of the same histone deacetylase. 

As described in Example 161, mice bearing implanted A549 tumors (mean 
5 volimie 100 mm^) are treated daily with saline preparations containing from about 
0.1 mg to about 30 mg per kg body weight of histone deacetylase antisense 
oligonucleotide. A second group of mice is treated daily with pharmaceutically 
acceptable preparations containing from about 0.01 mg to about 5 mg per kg body 
weight of HDAC inhibitor. 

10 Some mice receive both the antisense oligonucleotide and the HDAC 

inhibitor. Of these mice, one group may receive the antisense oligonucleotide and 
the HDAC inhibitor simultaneously intravenously via the tail vein. Another 
group may receive the antisense oligonucleotide via the tail vein, and the HDAC 
inhibitor subcutaneously. Yet another group may receive both the antisense 

15 oligonucleotide and the HDAC inhibitor subcutaneously. Control groups of mice 
are similarly established which receive no treatment {e.g., saline only), a mismatch 
antisense oligonucleotide orJy, a control compoxmd that does not inhibit histone 
deacetylase activity, and a mismatch antisense oligonucleotide with a control 
compoxmd. 

20 Tumor volimie is measured with calipers. Treatment with tiie antisense 

oligonucleotide plus ttie histone deacetylase protein inhibitor according to the 
invention causes a significant reduction in tumor weigjht and volume relative to 
controls. 
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What is claimed is: 

An inhibitor of histone deacetylase represented by formula (1): 
Cy-X-Y'-W (1) 

wherein 

5 Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety^ any of which 

may be optionally stibstituted; 

X is selected from the group consisting of C=0, C=CH,, CH(OH), CH(OR'), 
C=N(OH), and C=N(OR'), where R' is alkyl, aryl, aralkyl, or acyl; 

is a C3-C7 alkylene, wherein said alkylene may be optionally substituted, 
10 and wherein one or two carbon atoms La the linear chain connecting X and W may 
be replaced with O, NR^ or S(0)„, where R^ is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that the 
atoms in Y* that are attached to X and to W are carbon atoms, and further 
provided that Y^ does not comprise an ester or amide linkage in the linear chain 
15 coraiecting X and W; and 

W is selected from the group consisting of -C(0)-CH2-SR', -C(0)->JH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R^ is alkyl, aryl, araUgrl, or acyl, wherein tiie aryl portion of any such 
groups may be optionally substituted; 

20 M is hydrogen or a pharmaceutically acceptable cation; 

Z is selected from the group consisting of anilinyl, p)mdyl, thiazolyl, 
hydroxyphenyl, ihiadiazolyl, anilinylmethyl, or p3a:idylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-Q alkyl, or Q-Q alkoxy; 

25 provided that X is C=^CH,, CH(OR'), C=N(OH), or C=:N(OR') when W is 
-C(0)-NH-OM and Cy is tmsubstituted phenyl, dimethylaminophenyl, or 
methox3^henyl; and 
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further provided that when W is -C(0)-CH2-SR^ the carbon atom in that is 
attached to W is unsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl. 

2. The inhibitor of claim 1, wherein Cy is C^-C^^ aryl or is a radical of a 
heterocyclic moiety selected from the group consisting of thiophene, 
benzofhiophene, furan, benzofuran, pjnidine, quinoline, indole, isoquinoline, 
thiazole, morpholine, piperidine, and piperazine, any of which groups may be 
optionally substituted. 

3. The inhibitor of claim 2, wherein the aryl or heterocyclic moiety is 
substituted by one or two substituents independently selected from the group 
consisting of Q-Q alkyl, Q^!^ haloalkyl, Q-Cjo aryl, heteroaryl, heterocyclyl, (Cg- 
Cio)ar(Cj-Cg)alkyl, halo, nitro, hydroxy, C^C^ alkoxy, Cg-Q^ aryloxy, heteroaryloxy, 
Cj-Cg alkoxycarbonyl, Q-C^o aryloxycarbonyl, heteroaryloxycarbonyl, carboxy, 
and amino. 

4. The inhibitor of claim 1, wherein Cy has the formula -Cy^-Cy^ or 
-Cy^-G-Cy^, wherein Cy^ and Cy^ are independently Cg-Cg cycloalkyl, C^C^^ aryl, or 
a radical of a heterocyclic moiety, which groups optionally may be substituted, 
and G is O, NR^ or S(0)„, where is hydrogen, alkyl, aryl, aralkyl, sulf onyl, acyl, 
alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2. 

5. The inhibitor of claim 4, wherein Cy^ and Cy^ are independently 
selected from the group consisting of phenyl, pyridinyl, morpholinyl, piperidinyl, 
piperazinyl, which groups optionally may be substituted. 

6. TheiiiMbitorofdaiml, wherein X is selected from the gixnip 
consisting of CH(OR*), C=N(OH), and C=N(OR'), where is Q-C. alkyl C,-C„ 
aryl, or {C,-CJaiiC,-C,)a}kyl 
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7. The inhibitor of claim 1, wherein one to about three carbon atoms of 
the alkylene are independently substituted with halo, oxo, oximino, nitro, 
haloalkyl, alkyl, aralkyl, alkoxy, aryloxy, alkoxycarbonyl, carboxy, hydroxyalkyl, 
acyl, acyloxy, or cyano* 

5 8. The inhibitor of claim 1, wherein comprises an all-carbon linear 

chain connecting X and W. 

9. The inhibitor of claim 8, wherein the linear chain coimecting X and 
W comprises a dienyl moiety, wherein the dienyl moiety is attached to W. 

10. The inhibitor of claim 9, wherein is selected from the group 

10 consisting of ^'^^'"^^'^^'''^^ Me Me , and 

11. The inhibitor of claim 8, wherein Y^ is -(CHj)^ where m is 5, 6, or 7. 

12. The inhibitor of daim 1, wherein one carbon atom in the linear chain 
connecting X and W is replaced with O, NR^ or S(0)„. 

13. The inhibitor of claim 12, wherein Y' is -(CH^^SP), -(CH^)^, where n 
15 is 0, 1, or 2, and p is 3, 4, or 5. 

14. The inhibitor of claim 1, wherein W is -C(0)-NH-OM, M being 
selected from the group consisting of hydrogen, sodium, potassitim, magnesiimi, 
and calcium. 

15. The inhibitor of claim 1, wherein W is -C(0)-NH-Z or 

20 -NH-C(0)-NH-Z, Z being imsubstituted 2-anilinyl or unsubstituted 2-pyridyl. 

16. The inhibitor of daim 1, wherein W is -C(0)-CH2-SR', R' being 
selected from the group consisting of C^-Q alkyl, Q-Qo aryl, (C^-C Jar(Ci-Cg)alkyl, 
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(C;-C,alkyl)carbonyl, (Q-C.^ aryl)carbonyl, and ((QC Jar(C;-C,)alkyl)carbonyl, 
wherein the aryl portion of any such groups may be optionally substituted. 

17. The inhibitor of claim 16, wherein is selected from the group 
consisting of methyl, phenyl, benzyl, benzoyl, and acetyl 

5 18. An inhibitor of histone deacetylase represented by formula (2): 

Cy-Y'-W (2) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

10 is C5-C7 alkylene, wherein said alkylene may be optionally substituted, 

and wherein one or two carbon atoms in the linear chain connecting Cy and W 
may be replaced with O, NR\ or S(0)„, where is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that Y^ 
does not comprise an ester or amide linkage in the linear chain connecting Cy and 

15 W; and 

W is selected from the group consisting of -C(0)-CH2-SR^ 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; and 

20 Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 

hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Cj-C^ alkyl, or C^-C^ alkoxy; 

provided that when W is -C(0)-CHj-SR^ the carbon atom in Y^ that is attached to 
25 W is unsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl. 
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19. The inhibitor of claim 18, wherein Cy is Q-Qq aryl or is a radical of a 
heterocyclic moiety selected from the group consisting of thiophene, 
benzothiophene, furan, benzofuran, p5n:idine, quinoline, indole, isoquinoline, 
thiazole, morpholine, piperidine, piperazine, quinazolinone, benzotriazinone, 

5 phthalimide, and dioxobenzoisoquinoline, any of which groups may be optionally 
substituted. 

20. The inhibitor of claim 18, wherein the aryl or heterocyclic moiety is 
substituted by one or two substituents independently selected from the group 
consisting of Q-C^ alkyl, Q-C^ haloalkyl, Q-Cjo aryl, heteroaryl, heterocyclyl, (Q- 

10 C Jar(Ci-Cg)alkyl, halo, nitro, hydroxy, Cj-Cg alkoxy, C^-C^^ aryloxy, heteroaryloxy, 
Q-Cg alkoxycarbonyl, Q-Qq aryloxycarbonyl, heteroaryloxycarbonyl, carboxy, 
and amino. 

21. The inhibitor of claim 20, wherein Cy has the formula -Cy^-Cy^ or 
-Cy*-G-Cy^ wherein Cy^ and Cy^ are independently Cg-Cg cycloalkyl, Q-^Ziq aryl, or 

15 a radical of a heterocyclic moiety, which groups optionally may be substituted, 
and G is O, NR^ or S(0)„, where is hydrogen, alkyl, aryl, aralkyl, sulfonyl, acyl, 
alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2. 

22. The inhibitor of claim 21, wherein Cy^ and Cy^ are independently 
selected from the group consisting of phenyl, pyridinyl, morpholinyl, piperidinyl, 

20 piperazinyl, which groups optionally may be substituted. 

23. The inhibitor of claim 18, wherein one to about four carbon atoms of 
the alkylene are independently substituted with halo, oxo, oximino, lutro, 
haloalkyl, alkyl, aralkyl, alkoxy, aryloxy, alkoxycarbonyl, carboxy, hydroxyalkyl, 
acyl, acyloxy, or cyano. 

25 24. The inhibitor of daim 18, wherein one carbon atom in the linear 

chain connecting Cy and W is replaced witii O, NR^ or S(0)„. 
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25. The inhibitor of claim 19, wherein one carbon atom in the linear 
chain connecting Cy and W is replaced with NR^ where is selected from the 
group consisting of Q-Q alkyl, Q-Q^ aryl, (C,-C,o)ar(Q-C,)alkyl, (Q-C, 
alkyl)oxycarbonyl, (Q-C„ aryl)oxycarbonyl, ((Q-CJar(Ci-Cg)alkyl)oxycarbonyl, 

5 (Q-Cg alkyl)carbonyl, (Q-Qo aryl)carbonyl, and ((Q-Qo)ar(Q-CJalkyl)carbonyL 

26. The inhibitor of claim 18, wherein one or two carbon atoms in the 
linear chain connecting Cy and W are replaced by O. 

27. The inhibitor of daim 18, wherein W is -C(0)-NH-Z or 
-NH-C(0)-NH-Z, Z being tmsubstituted 2-anilinyl or tmsubstituted 2-pyridyL 

10 28. The inhibitor of claun 18, wherein W is -C(0)-CH2-SR', R' being 

selected from the group consisting of Q-Cg alkyl, Q-Qp aryl, (Q-Qo)ar(Ci<:g)alkyl, 
(Cj-C,alkyl)carbonyl, (Q-Q^ aryl)carbonyl, and ((Q-C,o)ar(C,-Q)alkyl)carbonyl, 
wherein the aryl portion of any such groups may be optionally substituted. 

29. The inhibitor of daim 28, wherein R^ is selected from the group 
15 consisting of methyl, phenyl, benzyl, benzoyl, and acetyl. 

30. An inhibitor of histone deacetylase represented by formula (3): 

Cy-S(0),-NH-Y'-W (3) 

wherein 

Cy is cydoalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
20 may be optionally substituted, provided that Cy is other than 
dimethylaminonaphthyl when is -(CHJg-; 

is Cj-Cg alkylene, wherein said alkylene may be optionally substituted 
with one or more substituents independentiy selected from the group consisting 
of halo, hydroxy, oxo, nitro, haloalkyl, alkyl, aralkyl, alkoxy, aryloxy, carboxy, 
25 hydroxyalkyl, acyl, acyloxy, and cyano; and 
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W is selected from tiie group consisting of -C(0)-CH2-SR^ -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the axyl portion of any such 
groups may be optionally substituted; 

5 M is hydrogen or a pharmaceutically acceptable cation; and 

Z is selected from the group consisting of anilinyl, pyridyl, Ihiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-Q alkyl, or Q-Q alkoxy; 

10 provided that Z does not have the formula -(C5H3N)-NHC(0)--Y -NH-S(OVCy. 

31. The inhibitor of claim 30, wherein Cy is Q-Qq aryl or is a radical of a 
heterocyclic moiety selected from the group consisting of thiophene, 
benzothiophene, furan, benzofuran, pyridine, quinoline, indole, isoquinoline, 
thiazole, morpholine, piperidine, and piperazine, any of which groups may be 

15 optionally substituted. 

32. The inhibitor of claim 31, wherein the aryl or heterocyclic moiety is 
substituted by one or two substituents independentiy selected from the group 
consisting of Q-C^ alkyl, Q-Q haloalkyl, Q-Cjo aryl, heteroaryl, heterocyclyl, (Cg- 
Cip)ar(Cj-Cg)alkyl, halo, nitro, hydroxy, Q-Cg alkoxy, C^-C^ aryloxy, heteroaryloxy, 

20 C^-Cg alkoxycarbonyl, Cg-Qp aryloxycarbonyl, heteroaryloxycarbonyl, carboxy, 
and amino. 

33. The inhibitor of claim 30, wherein Cy has flie formula -Cy^-Cy^ or 
-Cy^-G-Cy^ wherein Cy* and Cy^ are independently Cg-Cg cycloalkyl, C^-Cjo aryl, or 
a radical of a heterocyclic moiety, which groups optionally may be substituted, 

25 and G is O, NR^ or S(0)„, where R^ is hydrogen, alkyl, aryl, aralkyl, sulfonyl, acyl, 
alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2. 
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34. The inhibitor of claim 33, wherein Cy^ and are independently 
selected from the group consisting of phenyl, pyridinyl, morpholinyl, piperidinyl, 
piperazinyl, which groups optionally may be substituted. 

35. The inhibitor of claim 30, wherein is a Cj-Q alkylene optionally 
substituted with one or two non-hydrogen substituents independently selected 
from the group consisting of halo, hydroxy, oxo, nitro, (halo)i^(Q-C3)alkyl, Q-Cg 
alkyl, (Q-C Jar(Q-Qalkyl, Q-C, alkoxy, Q-Q, aryloxy, carboxy, hydroxy(Q- 
Q)alkyl, Cj-C^ alkylcarbonyl, Q-Cjo arylcarbonyl, Q-Cg alkylcarbonyloxy, Cg-C„ 
arylcarbonyloxy, and cyano. 

36. The inhibitor of claim 33, whereki is an optionally substituted 
saturated Q-Cg alkylene. 

37. The inhibitor of claim 30, wherein W is -C(0)-NH-OM, M being 
selected from the group consisting of hydrogen, sodium, potassium, magnesiima, 
and caldum. 

38. The inhibitor of claim 30, wherein W is -C(0)-NH-Z or 
-NH-C(0)-NH-Z, Z being imsubstituted 2-anilinyl or unsubstituted 2--pyridyl. 

39. The inhibitor of claim 30, wherein W is -C(0)-CH3-SR', R' being 
selected from the group consisting of Q-Q alkyl, Q-Qj, aryl, (Q-C Jar(C,-CJalkyl, 
(Ci-Cgalkyl)carbonyl, (Q-Qq aryl)carbonyl, and ({Cg-Cio)ar(Ci-Cg)alkyl)carbonyl, 
wherein the aryl portion of any such groups may be optionally stibstituted. 

40. An inhibitor of histone deacetylase represented by one of formulae 



(4)-(5): 




(4) 
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NHOH 



(5) 

41. An inhibitor of histone deacetylase represented by one of formtilae 



(6H7): 



(6) 
(7) 

42. A pharmaceutical composition comprising an inhibitor of histone 
10 deacetylase represented by formula (1): 

Cy-X-Y'-W (1) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

15 X is selected from the group consisting of 0=0, C=CH2, CH(OH), CH(OR'), 

C=N(OH), and C=:N(OR'), where R' is alkyl, aryl, aralkyl, or acyl; 

Y* is a C3-C7 alkylene, wherein said alkylene may be optionally substituted, 
and wherein one or two caifoon atoms in the linear chain connecting X and W may 
be replaced wiih O, NR^ or S(0)„, where R' is hydrogen, alkyl, aryl, aralkyl, 
20 sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that the 
atoms in that are attached to X and to W are carbon atoms, and further 
provided tiiat Y^ does not comprise an ester or amide linkage in the linear chain 
connecting X and W; and 
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W is selected from the group consisting of -C(0)-CH,-SR', -C(0)-NH-OM, 
-•NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 

M is hydrogen or a pharmaceutically acceptable cation; 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-C4 alkyl, or Q-C^ alkoxy; and 

a pharmaceutically acceptable carrier, exdpient, or diluent; 

provided that X is C=CHy CH(OR'), C=N(OH), or C=N(OR') when W is 
-C(0)-NH-OM and Cy is imsubstituted phenyl, dimefhylaminophenyl, or 
methoxyphenyl; and 

further provided that when W is -C(0)-CH2-SR^ the carbon atom in that is 
attached to W is unsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl. 

43. A pharmaceutical composition comprising an inhibitor of histone 
deacetylase represented by formula (2): 

Cy-Y -W (2) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

Y^ is Cg-Q alkylene, wherein said alkylene may be optionally substituted, 
and wherein one or two carbon atoms in the linear chain connecting Cy and W 
may be replaced with O, NR^ or S(0)„, where R^ is hydrogen, alkyl, aryl, aralkyl, 
stilfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that Y^ 
does not comprise an ester or amide linkage in the linear chain connecting Cy and 
W;and 
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W is selected from the group consisting of -C(0)-CH2-SR^, 
-NH.C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; and 

5 Z is selected from the group consisting of anilinyl, pyiidyl, thiazolyl, 

hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pjnidylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Cj-C^ alkyl, or Q-C^ aUcoxy; and 

a pharmaceutically acceptable carrier, excipient, or diluent; 

10 provided that when W is -C(0)-CH2-SR', the carbon atom in Y" that is attached to 
W is imsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl 

44. A pharmaceutical composition comprising an inhibitor of histone 
deacetylase represented by formula (3): 

15 Cy-SCO.-NH-y-W (3) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted, provided that Cy is other than 
dimetiiylaminonaphthyl when is -{CH^^-; 

20 is Q-Cg alkylene, wherein said alkylene may be optionally substituted 

with one or more substituents independently selected from the group consisting 
of halo, hydroxy, oxo, nitro, haloalkyl, alkyl, aralkyl, alkoxy, aryloxy, carboxy, 
hydroxyalkyl, acyl, acyloxy, and cyano; and 

W is selected from the group consisting of -C(0)-CH2-SR^ ^(0)-NH-OM, 
25 -NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R^ is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 



234 



wo 01/70675 



PCT/IBOl/00683 



M is hydrogen or a pharmaceutically acceptable cation; and 

Z is selected from the group consisting of aiulinyl, pyridyl, fluazolyl, 
hydroxyphenyl, ttiiadiazolyl, anilinyhnethyl, or p5nidylmethyl, any of 
which groups optionally may be substituted wilh halo, hydroxy, amino, 
nitro, Cj-Q aSkyl, or Cj-Q alkoxy; and 

a pharmaceutically acceptable carrier, excipient, or dUuent. 

provided that Z does not have the formula -iC^i^S^-l^CiOyY-^^ 

45. A phannaceutical composition comprising an inhibitor of histone 
deacetylase represented by one of formulae (4)-(5): 




and a pharmaceutically acceptable carrier, excipient, or diluent. 

46. A pharmaceutical composition comprising an inhibitor of histone 
deacetylase represented by one of formulae (6)-(7): 



(6) 




(7); 

and a phannaceutically acceptable carrier, exdpient, or diluent. 
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47. A method of inhibiting histone deacetylase in a cell, comprising 
contacting a cell in which inhibition of histone deacetylase is desired with an 
inhibitor of histone deacetylase represented by formula (1): 

Cy-X-Y'-W (1) 

wherein 

Cy is cydoalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

X is selected from the group consisting of C=0, C=CH„ CH(OH), CH(OR'), 
C=N(OH), and C=N(OR'), where R' is alkyl, aryl, aralkyl, or acyl; 

Y^ is a.Q-Q alkylene, wherein said alkylene may be optionally substituted, 
and wherein one or two carbon atoms in the linear chain connecting X and W may 
be replaced with O, NR^ or S(0)^ where Rf is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that the 
atoms in Y^ that are attached to X and to W are carbon atoms, and further 
provided that Y^ does not comprise an ester or amide linkage in the linear chain 
connecting X and W; and 

W is selected from the group consisting of -C(0)-CHj-SR', -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R^ is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 

M is hydrogen or a pharmaceutically acceptable cation; 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, alkyl, or Q-Q alkoxy; 

provided that X is C=CH„ CH(OR'), C=N(OH), or C=N(OR') when W is 
-C(0)-NH-OM and Cy is tmsubstituted phenyl, dimethylaminophenyl, or 
methoxyphenyl; and 
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further provided that when W is -C(0)-CHJ-SR^ the carbon atom in that, is 
attached to W is iinsubstituted or is substituted with other than aminO/ acylamino, 
alkoxycarbonyl, or carbamoyl. 

48. A method of inhibiting histone deacetylase in a cell, comprising 
5 contacting a cell in which inhibition of histone deacetylase is desired with an 
inhibitor of histone deacetylase represented by formula (2): 

Cy-Y'-W (2) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
10 may be optionally substituted; 

Y^ is Cg-Cy alkylene, wherein said alkylene may be optionally substituted, 
and wherein one or two carbon atoms in the linear chain connecting Cy and W 
may be replaced with O, NR^ or S{0)„, where is hydrogen, alkyl, aryl, aralkyl, 
svdfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that Y^ 
15 does not comprise an ester or amide linkage in die linear chain connecting Cy and 
W;and 

W is selected from the group consisting of -C(0)-CH2-SR^ 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
20 groups may be optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, C^-C^ alkyl, or Q-C^ alkoxy; 

25 provided that when W is -C(0)-CHj-SR', the carbon atom in Y^ that is attached to 
W is unsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl. 
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49. A method of inhibiting histone deacetylase in a cell, comprising 
contacting a cell in which inhibition of histone deacetylase is desired with an 
inhibitor of histone deacetylase represented by formula (3): 

Cy-S(0),-NH-y-W (3) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted, provided that Cy is other than 
dimethylaxninonaphthyl when is -(CHj),-; 

is Cj-Cg alkylene, wherein said alkylene may be optionally substituted 
with one or more substituents independently selected from the group consisting 
of halo, hydroxy, oxo, nitro, haloalkyl, alkyl, aralkyl, alkoxy, aryloxy, carboxy, 
hydroxyalkyl, acyl, acyloxy, and cyano; and 

W is selected from the group consisting of -C(0)-CHJ-SR^ -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 

M is hydrogen or a pharmaceutically acceptable cation; and 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Cj-Q alkyl, or C1-C4 alkoxy; 

provided tiiat Z does not have the formula -(C3H3^0-NHC(O)-Y -NH-S(0)2-Cy. 

50. A method of inhibiting histone deacetylase in a cell, comprising 
contacting a cell in which inhibition of histone deacetylase is desired witii an 
inhibitor of histone deacetylase represented by one of formulae (4)-(5): 
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5 51. A method of inhibiting histone deacetylase in a cell, comprising 

contacting a cell in which inhibition of histone deacetylase is desired with an 
inhibitor of histone deacetylase represented by one of formulae (6)-(7): 



10 




52. The method of any one of claims 47-51, wherein cell proliferation is 
inhibited in the contacted cell. 

53. The metiiod of any one of claims 47-51, wherein the cell is a 
15 neoplastic cell. 

54. The method of daim 53, wherein the i\eoplastic cell is in an animal. 

55. The metiiod of daim 54, wherein the neoplastic cell is in a neoplastic 
growth. 
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56. The method of any one of claims 47-51, further comprising 
contacting the cell with an antisense oligonucleotide that inhibits the expression of 
a histone deacetylase. 
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